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INTRODUCTION 
The world has undergone a very rapid population growth 
during the last two decades. This growth is recognized by 
the United Nations as difficult to reduce and unlikely to 
cease in the near future. This situation has alarmed all 
those in the field of food production because of the pos­
sible danger of a forthcoming food shortage. Fortunately, 
through various scientific achievements, it has been pos­
sible to cope with population explosion without widespread 
starvation. Food, however, is in short supply in many 
parts of the world today. 
The world food situation at present is aggravated by 
many problems that are social and economic in nature. One 
of these problems is the large population shift from 
agricultural activities in rural areas to non-agricultural 
activities in urban areas. This rural to urban migration, 
along with affluence of people in urban areas, has resulted 
in several changes in the eating habits of people. A 
protein-rich diet is now replacing what has been a carbo­
hydrate-based diet. As a result, the demand for dietary 
protein sources, particularly meat, has increased. 
Recently, there has been a considerable rise in the 
volume of trade between the food-producing countries and 
the developing countries, especially those rich in oil. 
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Countries with advanced agriculture have expanded in the 
production of food and in the exportation of agricultural 
products to developing countries, in exchange for oil. 
Since the year 1964, the developed countries have been 
suffering from increasing oil prices and energy shortage. 
In an attempt to discover new sources of energy, agricul­
tural products seemed to be the choice. 
Here in the United States special attention was 
directed towards intensive research dealing with the pro­
duction of energy from agricultural products. Gasohol, a 
product from corn grains, is one of these achievements. 
It appears, therefore, that in the near future, the use of 
agricultural products for industrial purposes may be in 
direct competition with their use as human food. 
Nutritionists are constantly faced with the challenge 
of searching for new sources of protein. This, along with 
the concern over handling and recycling of animal waste 
and by-products, has created a need to use these by-prod­
ucts as feed ingredients in modern-day animal nutrition. 
By-products of livestock and poultry processing plants 
such as blood, offal and feathers are now made more digest­
ible and acceptable for animals through proper processing 
methods. Steam pressure cooking and drying of feathers 
and ring-drying of blood have resulted in commercial 
products known as hydrolyzed feather and blood meals. 
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Blood and feather meals can partially replace commonly 
used protein supplements in poultry rations due to their 
high protein content (80% or more according to National 
Research Council (NRC, 19 77)). Soybean meal is one major 
protein supplement for which feather meal and blood meal 
have been substituted in poultry diets. Soybean meal also 
is used for human consumption in many parts of the world, 
and it has been used recently in the United States as a 
partial meat substitute because of the continuing increase 
in meat prices. 
Low levels of blood and feather meals have been used 
successfully as feed ingredients in commercial poultry 
rations. Reluctance to use these meals more extensively 
still exists, however, primarily because of observations 
that both blood and feather meal were inconsistent in 
nutritional quality, especially for broiler chickens. 
The broiler chicken has primary requirements for amino 
acids rather than for total protein. It is mandatory then 
to consider the composition and availability of the essen­
tial amino acids in blood and feather meals in order to 
meet these requirements. 
Blood meal offers certain advantages, as well as dis­
advantages, as a source of amino acids in practical-type 
rations. It contains high levels of lysine (8.85%) and 
leucine (11.82%), but is exceedingly low in isoleucine 
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(0.88%) (NRC, 1977). Feather meal, on the other hand, 
offers a relatively large contribution of cystine (4.0%) 
but it has a very low methionine content. 
Several approaches have been employed in an attempt 
to improve the amino acid balance of animal diets. One 
of these is to combine sources of protein by using mix­
tures of animal and plant proteins. In doing so, a better 
balance of amino acids may be achieved. Another approach 
is to supplement diets with specific amino acids. The 
addition of amino acids to poultry rations has resulted 
in more, efficient use of certain protein supplements in 
the production of broiler meat. 
The research reported here was conducted to determine 
the influence of amino acid supplementation of diets con­
taining relatively high levels of feather and blood meals 
on growth and feed utilization of broiler chickens. 
Diets were supplemented with lysine, methionine, 
cystine and/or isoleucine to determine which of these amino 
acids was the most limiting for performance of broiler 
chicks. Special attention also was given to leucine and 
cystine imbalances in these diets, and to their effects on 
the broiler requirements for isoleucine and methionine, 
respectively. 
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LITERATURE REVIEW 
Blood Meal in Chick Rations 
Blood, a by-product from animal processing plants, 
can be processed into a meal and used in animal feeding. 
The high cost of protein supplements in commercial poultry 
rations, coupled with the high requirement for lysine by 
the growing chick, often places blood meal in a favorable 
economic position as a dietary source of lysine, as com­
pared with corn or soybean meal. Therefore, blood meal 
can serve as a possible source of protein and lysine 
provided that it is offered at competitive prices and it 
is able to support satisfactory production performance. 
Commercial blood meal is very difficult to guarantee, 
with respect to uniformity in protein quality and lysine 
availability. This is because the nutritional quality 
of proteins in blood meal is affected greatly by varia­
tions in processing conditions used during rendering. 
Often, in a simple rendering process, no standard procedure 
is applied with optimum precision, from batch to batch, 
to ensure quality control. 
As early as 1929, Winter reported that blood meal was 
digestible and palatable. He found a 94% digestibility 
coefficient for a specially prepared blood meal by pigs, 
compared to 72% for commercial blood meals. 
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The evaluation of blood meal and its nutritive value 
as a protein supplement in chick diets was first published 
by Grau and Almquist (1944). Blood meal, fed as a sole 
source of protein in diets for chicks, was found to be 
limiting in isoleucine. In later research, Grau and 
Almquist (1945) determined the nutritional value of the 
major fractions of blood for chicks. When these fractions 
of blood protein were fed to broiler chicks at 6% of the 
diet, the cell fraction which comprised 70% of total blood 
protein, was inferior to the fibrin and serum fraction, 
with respect to protein quality. In comparison with soy­
bean meal-based diets, performance of broiler chicks was 
reduced by all blood meal diets. There was no response to 
supplementation of the blood meal diets with cystine, 
threonine, tryptophan and arginine, whereas isoleucine 
supplementation restored normal growth rates-
The substitution of blood meal for vegetable protein 
sources and the determination of its maximum usage level 
in chick rations has been considered by many researchers. 
Squibb and Braham (1955) conducted a series of feeding 
trials with chicks in which 2, 4, 6 or 8% blood meal was 
incorporated into rations based on sesame and cottonseed 
meals. Chicks fed 2 and 4% blood meal grew at rates simi­
lar to those fed the control, all-vegetable diet. A level 
of 8% resulted in either no effect or in a depression of 
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growth. Similar findings with pigs were reported by 
Fitzpatrick and Bayley (1977). They used semi-purified diets 
containing 20% protein from either soybean flour or blood 
meal that had been produced by freeze-drying or by a com­
mercial process. They found no significant difference in 
the amount of feed consumed by piglets fed different diets, 
but pigs receiving either of the blood meal-containing diets 
gained significantly less than those receiving the soybean 
flour diet. These researchers indicated that the protein in 
the blood meals was a good source of available amino acids 
for early weaned pigs, and they attributed the adverse 
effects on growth to amino acid imbalances, particularly 
the unusually high levels of leucine and valine. Oestemer 
et al. (1973) and Wahlstrom and Libal (1977) reached the 
same conclusion as to the amino acid imbalance in blood meal 
for pigs. The latter authors used both drum-dried and 
rotary-dried blood meals in their experiments. They reported 
reduced growth of pigs fed rotary-dried blood meal at 8% of 
the ration, even though lysine availability was high. 
Besides studies on amino acid imbalances inherent in 
blood meal protein, the effect of processing on amino acid 
availability in the meal also has been investigated. Most 
of the recent work in this area has dealt with investigat­
ing the effect of processing on lysine availability. The 
old conventional method for drying blood is known as 
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vat-drying. In this process, blood is dried by stirring 
in a steam-jacketed cylinder at a temperature of up to 
165 C for about 10 to 12 hours. In the new improved 
method of ring-drying, however, the blood is coagulated 
by steam and the sludge is dried rapidly in a closed ring 
system using a current of very hot air (400 to 410 C). 
Comparisons of the total and biologically available 
lysine in blood meals prepared by this new method and the 
old procedure have been made by several workers. Waibel 
et al. (19 74) found that the availability of lysine from 
commercial blood meal was only 20% for rats, chicks and 
turkey poults. In contrast, the lysine in ring-dried 
blood meal was 80-90% available. Parsons et al. (1975) 
also reported the lysine of ring-dried blood meal was 90% 
available for pigs. In a more recent report, Hamm and 
Searcy (1976) determined that lysine was 95% available to 
chicks from freeze-dried blood meal. They .indicated that 
the availability of lysine was greatly reduced during dry­
ing in temperatures above 143 C. Johnson and Balloun (1976) 
analyzed five samples of blood meal processed by vat-drying, 
ring-drying or spray-drying, and found that spray-dried 
blood meal gave significantly greater availability of 
lysine, as compared with the vat-dried or ring-dried 
products. 
It appears, therefore, that researchers are in 
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agreement. Severe heating adversely affects the avail­
ability of lysine and thereby results in a reduction of 
the protein quality of blood meal. 
The possibility that amino acids other than lysine 
may not be available from blood meal was reported by Fisher 
(1958). He indicated that supplementation of blood meal 
with isoleucine in chick diets did not greatly improve 
its nutritive value. He conducted research to determine 
the amino acid imbalance of blood meal as a sole source 
of dietary protein in chick diets, and reported that iso­
leucine, methionine and arginine were limiting for chick 
growth. 
There is renewed interest in producing blood meal under 
carefully controlled conditions to ensure that the avail­
ability of amino acids remains high. Furthermore, poultry 
producers are interested in research geared toward factors 
affecting blood meal quality, with the objective of greater 
use of blood meal in poultry rations. 
Waibel et a^. (1977) compared vat-dried and ring-dried 
blood meals with respect to lysine and sulfur amino acid 
availability. Concurrently, the digestibility of the pro­
tein of blood meal by rats, chicks and turkey poults was 
determined. Growth was the criterion used. They illus­
trated that vat-dried blood meal contained 9% less total 
lysine and 26% less fluorodinitrobenzene (FDNB)-reactive 
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lysine than did the ring-dried blood meal. Bioavailability 
of lysine, as measured in rats, chicks and turkey poults, 
ranged from 0-43% for the vat-dried meal, while the ring-
dried meal gave 80-97% available lysine. In addition, 
vat-dried blood meal showed a low bioavailability of 
methionine and a low digestibility of the protein as a 
whole. A very important finding reported by these workers 
was that blood meal was not particularly sensitive to heat 
damage in controlled heating tests, but mixing it with a 
carbohydrate carrier (e.g. corn meal, wheat bran, etc.) 
prior to dryii.g resulted in greater damage, especially to 
the lysine. 
Feather Meal in Chick Diets 
Feather meal rould be an excellent source of protein 
(85% crude protein) provided that its amino acids were made 
available to poultry. 
Analysis of processed feathers by Gregory et al. 
(1956) and unprocessed feathers by Block (1939) showed 
that all amino acids except cystine were relatively stable 
during steam pressure cooking. Feather protein contains 
relatively high levels of glycine, cystine, arginine and 
phenylalanine. Destruction of disulphide bonding during 
processing leads to the loss of some of the cystine in 
feather meal. 
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Routh (1942) was one of the first researchers to 
determine the nutritive value of feather meal as a protein 
supplement. He incorporated powdered feathers in diets 
as a sole source of protein for rats and reported moderate 
growth rates when feather meal was supplemented with 
methionine, lysine, histidine and tryptophan. Newell and 
Elvehjem (1947) reported poor growth when chicks were fed 
powdered feathers. Summers et a]^. (1965) evaluated feather 
meal protein in chick rations. They illustrated that 
feather meal did not support weight gain when fed as the 
sole source of protein. When feather meal diets were 
supplemented with the deficient amino acids, however, rate 
of gain was improved but net protein utilization was not. 
These authors concluded that the amino acids of feather 
meal, besides being imbalanced, were also poorly absorbed. 
Gerry and Smyth (1954) and Romoser (1955) showed that the 
inclusion of up to 2.5% feather meal in diets with an ade­
quate supply of the essential amino acids had no detri­
mental effect on growth or feed efficiency of broilers. 
It appears, therefore, that feather meal usage in 
broiler rations is limited by its deficiency of certain 
essential amino acids, namely methionine, lysine, trypto­
phan and histidine. 
Wilder et al. (1955) fed feather meal to broiler 
chickens at levels varying from 2.4 to 6.2% of rations in 
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which corn, soybean meal, meat and bone scrap and alfalfa 
meal supplied dietary protein. They obtained excellent 
growth when feather meal supplied 2.4% of the ration. 
Higher levels of feather meal resulted in significantly 
decreased growth as compared with control corn-soy diets. 
Moran et a2. (1966) supplemented commercial feather 
meal with methionine, lysine, histidine and tryptophan, in 
the order of their limitation in chick rations. They 
found that commercial feather meal, fed to chicks as the 
sole source of protein and supplemented with the above 
amino acids, proved equal to isolated soybean protein in 
protein quality. Fuller (1956) found that he could 
replace all the fish meal with feather meal in practical 
broiler diets when supplemental methionine was used. 
The literature is quite contradictory concerning the 
maximum usage levels of feather meal in broiler rations. 
Wisman et al. (1958) showed that hydrolyzed feather meal, 
when used to replace one-sixth of the dietary protein in 
a 20% protein chick starter ration, gave satisfactory 
results. There was no supplementation with amino acids in 
any of their diets. 
Naber et (1961) replaced up to 25% of the crude pro­
tein with feather meal in chick starting rations containing 
large amounts of protein from soybean meal and corn. They 
obtained excellent growth and net protein utilization. Also 
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they noted that contaraination of feathers with offal and 
blood and/or fermentation of feathers was found to be an 
important factor influencing growth on feather meal diets. 
Using feather meal to supply 33% of the protein in the 
rations resulted in deficiencies of lysine, methionine, 
tryptophan and histidine. Naber et al. (1961) concluded 
that failure to obtain maximum growth, even with adequate 
amino acid supplementation, may be due to the inability of 
the chick to digest and assimilate a major portion of the 
amino acids from feather meal protein. 
Sullivan and Stephenson (1957) reported impaired growth 
rates in chicks fed 5% feather meal. On the other hand, 
Morris and Balloun (1971), using the same level of feather 
meal, reported satisfactory growth rates. In a later 
report, Morris and Balloun (1973) illustrated that chicks 
were able to utilize feather meal in rations containing 20 
to 22% protein when the meal was included at levels of 2.5, 
5 and 6%. They indicated that methionine and lysine supple­
mentation were required when feather meal constituted 5% 
or more of the ration. 
It appears, therefore, that the inclusion of high 
levels of feather meal resulted in poor performance in low-
protein diets. But feather meal can be used successfully 
in diets containing adequate protein. Sibbald et al. 
(1962) confirmed this by comparing diets containing only 15% 
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protein with those containing 19 to 23.3% protein. Tsang 
et al. (19 63) showed that feather meal could be used at 
levels of 4% in rations containing 20% protein with no 
adverse effects on broiler performance- In rations con­
taining 22-26% protein, up to 8% feather meal yielded 
satisfactory results. Daghir (1975) conducted a series 
of trials to evaluate poultry by-product meals and feather 
meal in poultry rations. He added 5% feather meal to 
broiler rations supplemented with methionine and lysine. 
The addition of these two amino acids improved growth 
rates and feed utilization of chicks fed feather meal diets, 
but performance of chicks fed feather meal diets was still 
inferior to that of chicks fed a fish meal-control diet. 
The usefulness of feather meal in combination with 
other protein sources to improve the balance of amino acids 
in dietary proteins was shown earlier by Wilder and Ostby 
(1953) . He combined 3% feather meal, 3% blood meal and 14% soy­
bean meal in diets- for chicks. Growth was improved 
slightly by the above diet as compared with a 6% feather 
meal diet. Naber et al. (1961) arrived at the same con­
clusion, after they used poultry by-product meal, which 
included feathers, blood and offal in their naturally 
occurring proportions to supply 5% protein in chick diets. 
They found that the poultry by-product meal had a better 
amino acid balance, and consequently, was used more 
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effectively by chicks than either feather meal or blood 
meal alone. 
Nutritional Interactions of Amino Acids 
Much of the recent research in the field of animal 
nutrition has been directed toward a better understanding 
of interrelationships among dietary amino acids, particu­
larly their, effects on metabolic functions and efficiency 
of production. 
Harper (1956) defined these interactions by group­
ing them into four major categories according to common 
characteristics : 
1. Deficiencies 
2. Imbalances 
3. Antagonisms 
4. Toxicities. 
Deficiency indicates an insufficiency of an essential 
amino acid in the diet compared to the requirement. An 
imbalance refers to a situation where a particular combina­
tion of amino acids in the diet results in poorer perform­
ance than might be expected on the basis of levels of 
limiting amino acids. This reduction in performance can 
be overcome by supplementation with the limiting amino 
acid or by decreasing levels of other amino acids. 
An antagonism is a specific interaction in which there 
16 
is an increase in the requirement for a structurally or 
chemically related amino acid. A toxicity refers to 
effects caused by an excessive level of an individual 
amino acid which can be prevented by the addition of an­
other individual, or mixtures of amino acids, to the diet. 
Austic (1978) indicated that these interactions can occur 
when diets contain levels of protein in excess of the 
requirement, but are accentuated at low levels of protein. 
Because the amounts of amino acids in diets vary con­
siderably when different proteins are used in various 
combinations, it is important to understand several rela­
tionships between amino acids. The report of Harper et al. 
(19 70) that excess leucine increased the requirement for 
isoleucine stimulated interest in this field of nutrition. 
Subsequently, a large number of investigations were 
conducted to determine the role of excesses of certain 
amino acids upon the metabolism and dietary requirements 
for others. 
Although amino acid imbalances have been clearly 
demonstrated with the chick using purified and semi-puri­
fied diets, it is important to know whether these 
imbalances exist in practical type rations. 
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Specific Interactions 
Leucine-isoleucine structural antagonism 
Nutritionists have been studying several mechanisms 
by which leucine and isoleucine interact with each other. 
The phenomenon of branched-chain amino acid antagonism 
has been documented by many researchers. Muller and 
Balloun (19 74) studied the leucine x isoleucine x valine 
interaction in laying hens fed low-protein, corn-soy 
based diets. They showed that the addition of 0.75 or 
1.50% L-leucine to a 10% protein diet drastically reduced 
egg production and feed consumption. The depression 
caused by 0.75 or 1.50% added L-leucine to a 13% protein 
diet was not so severe, and in a 16% and 19% protein diet, 
little or no effects of excess leucine were noted. 
Because these leucine imbalances could only be induced 
experimentally, it was concluded that the possibility of 
a leucine x isoleucine interaction impairing the perform­
ance of hens fed practical rations was remote. 
D'Mello and Lewis (1970) noted that the addition of 
1.50% L-leucine to 20% protein corn-groundnut meal diets 
containing 1.43 and 0.56% leucine and isoleucine, respec­
tively, depressed chick growth by 3 g/chick daily. 
Supplementation of the above diet with 0.25% DL-isoleucine 
restored weight gains to about 12.8 g/chick daily. The 
levels of free isoleucine and valine in the plasma of 
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chicks were reduced by the addition of 1.50% L-leucine, 
and addition of isoleucine restored plasma isoleucine to 
normal levels. In a second trial, the same authors showed 
that the addition of 1.5% L-leucine in a corn-groundnut 
meal diet containing 20% protein depressed chick gains 
from 15.9 to 13-0 g/day and addition of 0.35% DL-valine 
to the leucine-imbalanced diet increased gains to 15 g/day, 
but the addition of both valine and isoleucine to the 
imbalanced diet restored gains to 16.9 g/day. 
Bray (19 70) conducted several trials to investigate 
the effects of excess leucine in corn-soy diets on perform­
ance of pullets. Diets containing 8.5% protein plus vary­
ing levels of supplemental isoleucine, valine, lysine, 
tryptophan and methionine were used with and without 
unusually high levels of leucine. The results demonstrated 
that excess leucine increased the requirement for isoleucine 
and valine but had no effect on the requirements for lysine 
and tryptophan. These results were in agreement with an 
earlier report by Johnson and Fisher (1958). They 
observed that isoleucine, in a crystalline amino acid diet, 
could be decreased without affecting the laying rate of 
hens only when the levels of other amino acids, including 
leucine, were decreased. Tuttle and Balloun (1976), work­
ing with turkey poults and Spelter and Harper (1961) using 
rats, observed that an excess of leucine, isoleucine or 
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valine increased the requirement for the other two amino 
acids. In this respect, excess leucine was found to be 
particularly effective in increasing the requirements for 
isoleucine and valine. Bray (1968) theorized that a low 
dietary requirement for isoleucine, determined with a low-
protein, corn-soy diet, was due to the relatively small 
excess of leucine in the diet. 
Miller et al. (1954) reported a requirement of 0.53% 
isoleucine for layers fed a basal diet in which leucine-
rich blood meal was used as the supplemental protein. 
Bray (1968) showed ample evidence to indicate that the 
ratio of corn to soybean protein significantly influenced 
the relative adequacy of essential amino acids in a corn-
soy diet. Inadequacy of isoleucine may explain the incon­
sistent and limited response that had been reported when 
low protein corn-soy diets were supplemented with various 
combinations of tryptophan, lysine and methionine. 
In an attempt to study the mechanisms by which these 
branched-chain amino acids antagonize each other, Leung et 
al. (1968), Kutma and Harper (1962) and Harper et al. (1955) 
investigated the effects of excess of certain amino acids 
upon metabolism and dietary requirements for others. Their 
data showed that an excess of leucine increased the require­
ment for isoleucine. Signs of leucine-induced amino acid 
deficiency included a depression in the plasma concentration 
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of the amino acid that was first limiting in the diet, and 
an increase in the plasma level of leucine. 
Austic (19 78), in his comprehensive review on amino 
acid interactions, indicated that the mechanism of the 
branched-chain amino acid antagonism was not fully known, 
but a major explanation appeared to involve an effect on 
food intake. 
Phansalkar ^  al. (1970) studied several mechanisms 
to explain the branched-chain amino acid antagonism in 
human infants. They demonstrated a depression in the 
level of isoleucine and valine in plasma when leucine was 
given intravenously. The mechanisms studied by these 
workers were: 
1. Competition for cellular transport systems. 
If this mechanism was involved, then a dose of 
leucine should be accompanied by an elevation 
in the levels of both isoleucine and valine in 
the plasma and not a depression in their con­
centration. 
2. Competition for renal tubular reabsorption. 
This might bring about the observed alterations 
in plasma levels. However, when a dose of 
leucine was given, there was no increase in 
urinary excretion of isoleucine and valine that 
might have accounted for the fall in plasma 
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levels. Leucine withdrawal, on the other hand, 
was not accompanied by a decrease in isoleucine 
and valine excretion. 
3. A change in the rate of protein synthesis. 
Considering the fact that levels of other plasma 
amino acids were not affected by this leucine 
dose or withdrawal, and that only certain amino 
acids were involved would make this proposed 
mechanism unlikely. 
Using these results, together with previously obtained 
data on plasma amino acids in rats, Phansalkar et al. (1970) 
demonstrated that an excess of one amino acid (leucine) 
can stimulate the metabolism of another (isoleucine). 
Although these amino acids were structurally related, the 
various steps in their metabolism were dependent on dif­
ferent enzyme systems. So Phansalkar's et al. (1970) 
final possible explanation was that excess leucine stimu­
lated the metabolism of isoleucine through a number of 
mechanisms known to induce enzyme activity, such as in­
creased level of substrate and certain hormones. This 
seems to be the second demonstration that an excess of one 
amino acid can stimulate the activity of enzymes involved 
in the degradation of another amino acid; the first in­
volved lysine and arginine. This stimulation of the 
metabolism of isoleucine by excess leucine offers an 
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explanation for the observed interrelationship between the 
plasma levels of leucine and isoleucine. 
Austic and Smith (1978) studied branched-chain amino 
acid antagonism in the chick. Their research revealed the 
chick's adaptability to a mild branched-chain amino acid an­
tagonism as measured by weight gain and feed efficiency. In a 
later report, Austic (1978) investigated the effects of a 
more severe antagonism by using a basal diet containing 
1.2% leucine. Significant weight loss and reduced feed 
consumption resulting from excess leucine were reported 
during an experimental period of nine days. Level of 
leucine fed resulted in an inability of the chick to adapt 
to the antagonism. An average of 45 and 41% more valine 
and isoleucine, respectively, were catabolized by chicks 
fed the high leucine diet, as measured by production. 
This confirmed the findings of Phansalkar et al. (1970) 
that leucine-dosed rats expired more ^^C02 from ^^C-iso-
leucine than from other amino acids. 
Methionine-cystine interrelationships 
The sulfur-containing amino acids, methionine and 
cystine, are the most limiting amino acids in practical 
broiler rations based on corn and soybean meal. Methionine 
is an essential amino acid which has to be provided in the 
diet. Besides being an essential amino acid in protein 
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synthesis, methionine functions as a methyl donor and as 
a precursor for cysteine. During the process of protein 
synthesis, disulphide bonds are formed between cysteine 
molecules resulting in cystine formation. This pathway, 
however, is not reversible. 
Considerable research has been conducted to quanti­
té, te the maximum amount of the chicken's total sulfur 
amino acid needs that can be supplied by cystine. Esti­
mates provided from several investigations vary, depending 
on age, method of measurement and dietary cystine levels 
used. A common practice has been to express the require­
ment for total sulfur amino acids (TSAJk) or methionine 
plus cystine, and to specify the maximum amount of cystine 
that can be used. The latter usually is called the cystine 
replacement value. In this respect, Behrends and Waibel 
(1975) compared the methionine and cystine levels in 
practical, corn-soybean meal diets for turkey poults, with 
the NRC (1977) requirements for these amino acids. They 
found that methionine was usually deficient and cystine 
was in excess of their individual requirements. Behrends 
and Waibel (1975) indicated that the deficiency in the 
total sulfur amino acids in these diets could be corrected 
by the addition of methionine. The actual amount of 
methionine used would depend on the amount of utilizable 
cystine in the dietary protein. 
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Graber et al. (19 71b) stated that cystine can safely 
provide approximately 55% of the TSAA needs for growth of 
chicks. The same figure was established as a cystine re­
placement value for turkey poults 0-4 weeks of age by 
Behrends and Waibel (1975). Sasse and Baker (1974) re­
ported a 53% replacement value of cystine for growing 
chicks using purified diets. NRC (1977) recommends 45% as 
a replacement value for cystine. 
Several attempts were made to evaluate the benefits 
of using a combination of methionine and cystine, instead 
of using them singly to meet the TSAA. requirements of 
chicks. Graber ^  al. (1971a) showed their dietary TSAA 
requirements, expressed as percentage of the diet, were 
lower when a proper combination of methionine and cystine 
was fed than when methionine alone was used to meet the 
TSAA requirements of the growing chicks. 
Graber et (1971b) studied the influence of increas­
ing age on the capacity of chicks to use cystine to spare 
dietary methionine. They indicated that the maximum 
cystine replacement value increased with age. The replace­
ment values furnished by these authors were 55, 65 and 67% 
when gain was the criterion used and 60, 67 and 70% for 
gain/feed ratio during the chick's second, fifth and eighth 
week of age, respectively. Baker et a^. (1967) and 
Mitchell et a^. (1968) reported 66% and 70% replacement 
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values for cystine, respectively, when an equalized feed­
ing regimen was used to assess nitrogen retention. Graber 
et al. (1971b) showed that the ability of cystine to spare 
dietary methionine for one-week-old chicks was not enhanced 
by equalized feeding as indicated by gain, gain/feed 
ratio and carcass nitrogen retention. 
So, it appears that the determination of accurate, 
maximum cystine replacement values is dependent in large 
part on an accurate measurement of the TSAA requirements. 
This, in turn, would be contingent upon accurate analytical 
data for the methionine and cystine contents of diets being 
fed. Analytical procedures for methionine and cystine 
are subject to considerable error (Schram et a2., 1954). 
Both amino acids are partially destroyed during acid 
hydrolysis of protein, and consequently, exact levels in 
the original protein are difficult to determine. Thus, it 
seems possible that many of the discrepancies among esti­
mates of dietary requirements of methionine, cystine or 
TSAA have resulted from inaccurate assessments or inade­
quate knowledge of the methionine and cystine concentra­
tions in test diets. 
Sasse and Baker (19 73) illustrated a very important 
fact concerning the availabilities of sulfur amino acids 
from various proteins. They stated that availability 
values for SAA from various proteins approached or sometimes 
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exceeded 100% because methionine alone was used to construct 
a standard curve, even though the SAA provided by the intact 
protein consisted of both methionine and cystine. This 
resulted in over-estimation of methionine availability 
in intact proteins. 
A recent report by Featherston and Hogler (1978) 
showed that cystine supplementation of diets containing sub-
optimal levels of methionine and cystine (0.2%) resulted in 
growth depression of chicks. This growth-depressing effect 
of cystine was not encountered when methionine content of 
the diet was 0.4%. These workers postulated that cystine 
may impair methionine utilization, but that this became evi­
dent only when the dietary methionine level was suboptimal. 
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PART 1. EFFECT OF METHIONINE, LYSINE AND ISOLEUCINE 
SUPPLEMENTATION OF BLOOD MEAL-FEATHER MEAL 
DIETS ON THE PERFORMANCE OF BROILER CHICKS 
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INTRODUCTION 
Dried blood and hydrolyzed feather meals are important 
animal protein by-products which have been considered by 
many investigators as protein supplements in practical 
poultry rations. A preliminary investigation by Rasmussen 
et al. (1958) revealed that isoleucine was the only essen­
tial amino acid deficient in blood meal for growing chick­
ens. Fisher (1968) suggested that blood meal, to be of 
optimal value in practical feed formulation for chickens, 
ought to be combined with other protein sources in such a 
way that not only the isoleucine deficiency, but also the 
arginine and methionine deficiencies would be eliminated. 
Blood protein is exceedingly high in leucine, but is a good 
source of lysine. Therefore, blood meal could be used to 
meet the high requirement for lysine of the growing chick. 
However, commercial blood meal is difficult to guarantee 
with respect to uniformity in amino acid content and avail­
ability. Hamm and Searcy (1976) and Waibel et al. (1974) 
assessed the availability of lysine from blood meal as 
affected by different processing factors. The former 
authors reported that the lysine in blood meal was 95% 
available for chicks. Waibel et a2. (19 77) found that the 
availability of lysine from vat-dried blood meal was only 
20% for rats, chicks and turkey poults. In contrast, lysine 
availability from ring-dried blood meal was 80-90%. 
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Feather meal utilization in practical broiler rations 
was investigated by many workers (Routh, 1942; Newell and 
Elvenhjem, 1947; Summers et al., 1965; Tsang et a^., 1963; 
and Moran, 19 66). They all indicated that feather meal 
could be utilized by the growing chicken at levels varying 
from 2.5 to 5% of the ration. Moran et (1969) reported 
a shortage of available methionine in feather meal, whereas 
McCasland et a^. (1966) and Moran et (1966) , using 
growth of rats or chickens as criterion, found tryptophan 
supplementation to be beneficial. Daghir (1975) demon­
strated the benefits of methionine and lysine supplementa­
tions to broiler rations containing 5% feather meal. 
Disagreement between researchers on the maximum usage 
levels of both blood and feather meals was attributed mainly 
to differences in batches used, although other experimental 
differences cannot be ruled out as contributing factors. 
The inclusion of high levels of blood meal and feather meal 
in broiler rations requires an appropriate balance of amino 
acids in order to meet the requirements of amino acids by 
the growing chicken. 
The research reported here was conducted to determine 
the influence of amino acid supplementation of practical 
diets containing relatively high levels of feather and 
blood meals on growth and efficiency of feed utilization 
of broiler chickens. 
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EXPERIMENTAL PROCEDURE 
Male, Welp-Rock, broiler chicks were used in the three 
experiments reported herein. The chicks were obtained from 
a commercial hatchery at 1 day of age and were kept in 
electrically heated, battery brooders throughout each 
experiment. All chicks were fed a practical, corn-soybean 
meal starter diet from 1 to 7 days of age. At 7 days of 
age, the chicks were divided into groups based on body 
weight. Chicks were selected randomly from each weight 
group and were placed in the experimental pens so that the 
average weight of each pen of chicks was approximately the 
same. 
An experimental unit consisted of one pen of chicks. 
In experiment 1, ten chicks were used in each experimental 
unit with four experimental units assigned to each ration 
treatment. Three experimental units, each containing five 
chicks, were assigned to each ration treatment in experi­
ments 2 and 3. A randomized block design was used in exper­
iment 1 and a completely randomized design was used in 
experiments 2 and 3. 
Feed and water were offered libitum throughout 
each experiment. Body weight and feed consumption data 
were recorded at the end of the first, the second, and the 
third week of the experiment. Data were analyzed 
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statistically following the analysis of variance procedures 
outlined by Snedecor and Cochran (1967) with the aid of 
the Statistical Analysis System (Barr and Goodnight, 1972). 
Experiment 1 
Experiment 1 was conducted to determine the effect of 
feeding diets containing relatively high levels of blood 
meal and feather meal on growth and feed efficiency of 
broiler chicks. Four diets were tested, a corn-soybean 
meal based diet and diets containing 10% ring-dried blood 
meal or 6% hydrolyzed feather meal, or a combination of 
the two (Table 1). These diets were formulated to provide 
concentrations of all nutrients, except specific amino 
acids, commensurate with those recommended by the National 
Research Council (1977). 
In all four diets tested, calculated analyses indi­
cated a deficiency of methionine in comparison with NRC 
(19 77) requirements. Methionine was added to bring the 
methionine level in all of the diets to 0.5%. Lysine was 
found to be adequate in all diets tested except in the 6% 
feather meal diet, which had only 0.99% lysine. Lysine 
was supplemented to increase the lysine level to that 
recommended by NRC (1977), 1.2%. As calculated, the diets 
containing 10% blood meal, with or without feather meal, 
were below NRC requirement (0.85%) with respect to isoleucine 
32 
Table 1. Composition of experimental diets, experiment 1 
ingredients (cor:':oy) 10%BM 6%FM 
Corn, yellow 57 
' • • -o" 
65 63 70 
Soybean meal (44% protein) 36 18 24 6 
Blood meal (BM, 80% protein) - 10 - 10 
Feather meal (FM, 86% protein) - - 6 6 
Soy oil 3 2 2 1. 50 
Cellulose - 0.26 0. 53 1. 66 
Dicalcium phosphate 2 2.50 2 2. 50 
Limestone 1 1 1 1 
Salt + mineral mix^ 0. 50 0.50 0. 50 0. 50 
Vitamins premix^ 0. 50 0.50 0. 50 0. 50 
DL-Methionine 0. 18 0.19 0. 22 0. 23 
L-Lysine HCl - - 0. 25 -
L-Isoleucine - 0.05 - 0. 11 
Calculated analysis: 
Protein (%) 20. 8 22.4 21. 5 22. 8 
Energy (kcal ME/kg) 3023 3148 3014 3150 
Calcium (%) 0.92 0.97 0.91 0.97 
Phosphorus (%) 0.76 0.77 0.72 0.72 
Leucine (%) 1.92 2.54 1.96 2.40 
Isoleucine (%) 1.07 0.80 0.99 0.80 
Lysine (%) 1.20 1.56 1.20 1.32 
Methionine (%) 0.52 0.51 0.52 0.50 
TSAA (%) 0.85 0.81 1.02 0.97 
^Supplied the following per kilogram of the diet. Mn, 
117 mg; Zn, 66 mg; Fe, 62 mg; Cu, 10 mg; iodized salt, 
4.35 g. 
^Supplied the following per kilogram of the diet; 
vitamin A, 7500 lU; vitamin D3, 1500 lU; vitamin K, 1 mg; 
vitamin E, 6 lU, riboflavin, 1 mg; niacin, 75 mg; pantothenic 
acid, 22 mg; choline, 400 mg; vitamin 20 yg. 
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(Table 1). The levels of isoleucine in these diets ranged 
from 0.75% to 0.78%. Supplementation of isoleucine in 
these diets resulted in a leucine to isoleucine ratio of 
3-1:1 and 3.0:1 for the 10% blood meal diet and the combin­
ation diet, respectively. The 6% feather meal diet had a 
leucine :isoleucine ratio of 1.98:1 whereas that for the 
corn-soy control diet was 1.79:1. 
Experiment 2 
Experiment 2 was designed to determine the effect of 
amino acid supplementation of blood-feather meal practical-
type diets on growth response and feed conversion of chicks. 
The basal diet employed in experiment 2 was formulated 
to contain 9% blood meal, 6% soybean meal, 4% feather meal 
and 5% meat and bone meal (Table 2). The basal diet was 
deficient in methionine (0.29% of the diet) and marginal 
in isoleucine (0.67% of the diet) as judged by the recom­
mendations of the National Research Council (1977). The 
level of leucine in the basal diet (2.4%) was in excess 
of the chick's requirement (1.35%). The basal diet was 
adequate with respect to lysine and all other essential 
nutrients. The deficiency of methionine and isoleucine 
was tested by supplementation of the basal diet with 0, 
0.21% methionine and 0.33% isoleucine, in the presence 
of 0 or 0.2% added lysine in a factorial arrangement. 
Additions of amino acids to the basal diet were made at 
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Table 2. Composition of basal diets, experiments 2 and 3 
Ingredient Basal 2 Basal 3 
Corn, yellow 68 
Soybean meal (44% protein) 6 
Blood meal (80% protein) 9 
Feather meal (86% protein) 4 
Meat and bone meal (50% protein) 5 
Dicalcium phosphate 1.5 
Limestone 1.0 
Salt + mineral mix^ 0.5 
Vitamins premix^ 0.5 
Soy oil 2.0 
Cellulose 2.5 
DL-methionine -
66 
10 
9 
6 
2.50 
1 
0.50 
0.50 
2.50 
1.99 
0.01 
Calculated analysis ; 
Protein (%) 
Energy (kcal ME/kg) 
Calcium (%) 
Phosphorus (%) 
Leucine (%) 
Isoleucine (%) 
Lysine (%) 
Methionine (%) 
21.97 
3040 
1.20 
0.78 
2.40 
0.67 
1.30 
0.29 
2 2 . 6  
3157 
0.97 
0.75 
2.50 
0.67 
1.34 
0.30 
^Supplied the following per kilogram of the diet. 
Mn, 117 mg; Zn, 66 mg; Fe, 62 mg; Cu, 10 mg; iodized salt, 
4.35 g. 
^Supplied the following per kilogram of the diet: 
vitamin A, 7500 lU; vitamin D3, 1500 lU; vitamin K, 1 mg; 
vitamin E, 6 lU; riboflavin, 1 mg; niacin, 75 mg; panto­
thenic acid, 22 mg; choline, 400 mg; vitamin B^2f 20 yg. 
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the expense of cellulose. All diets were fed to chicks 
for an experimental period of 2 weeks. 
Plasma amino acid assay 
To obtain additional information on amino acid utiliza­
tion and availability, plasma amino acids of chicks were 
assayed in experiments 2 and 3- In addition to the chicks 
receiving the experimental diets, a group of chicks was 
fed a corn-soy basal diet for the desired experimental 
period and was used for the plasma amino acid assays. 
Amino acid concentrations in the plasma of chicks fed the 
corn-soy diet were compared with those obtained from chicks 
fed the blood-feather meal experimental diets. 
At the termination of the experiment, blood samples 
were obtained from chicks following cutaneous vein puncture. 
Two birds from each replicate group were used. The birds 
chosen for sampling were the ones closest to the average 
weight of the group. Due to difficulties in getting 
enough blood from chicks, blood samples from birds on the 
same treatment were pooled and centrifuged to separate the 
plasmas. Plasma amino acid results represented a single 
determination per treatment and so no statistical analysis 
was performed. Plasma samples were stored at -10 C. Free 
amino acid concentrations in plasma of chicks were deter­
mined by gas liquid chromatography. Procedures employed 
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in the present analysis were modifications of those pre­
sented by Kaiser et al. (1974) and Adams (1973). 
Plasma samples were prepared without deproteinization. 
One-half milliliter of the sample was taken up in 1 ml of 
0.1 N HCl. Tranexamic acid (0.015%) was added at 0.1 ml 
as an internal standard. The sample was then filtered 
through a Pasteur pipette containing a glass wool plug and 
a layer of Dowex SOW- x 8 resin H"*". After washing the 
sample with 6 ml of deionized water, the effluent was then 
discarded. Amino acids were eluted into a 100 mm test 
tube using 2 ml of 2 N ammonium hydroxide solution. Then, 
the sample was dried in a temperature block at 60 C under 
a continuous flow of nitrogen gas. Esterification of the 
dried sample was done using 1 ml of n-butanol-3 N HCl. 
The solution was ultrasonified for one minute and placed 
in a temperature block (110 C) for 30 minutes. The sample 
was cooled rapidly by placing it in ice and then dried 
under a continuous flow of nitrogen gas as done before. 
A solution of 1:9 trifluoroacetic anhydride:methylene 
chloride was then added at 0.5 ml to the esterified amino 
acids. The sample was placed again in a temperature block 
at 110 C for 1 minute. Duplicates of 0.5 ml of each sample 
were quantitatively analyzed for amino acids. The value 
for each amino acid represents the average of two determin­
ations and was expressed as mg/100 ml of plasma. 
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Chemical analysis 
Feed samples and samples of ring-dried blood meal and 
hydrolyzed feather meal used in the current study were 
assayed for amino acid concentrations by ion-exchange 
chromatography, following a standard amino acid procedure. 
The feed samples and the meal samples were hydrolyzed for 
amino acid analysis by refluxing 20 mg of finely ground 
sample with 5 ml of constant boiling HCl for a period of 
24 hrs at 110 C. Hydrochloric acid was removed by rotary 
evaporation at 40 C under reduced pressure. The residue 
was then dissolved in 10 ml of 2.2 citrate buffer, filtered 
and then injected into a Durrum D4 100 amino acid auto-
analyzer. 
The amino acid composition of a representative sample 
of blood meal and feather meal used in experiments 1, 2 
and 3 is shown in Table 3. The blood meal tested had less 
protein content as compared with the value listed by NRC 
(1977). The amino acid composition of the blood meal 
indicated slightly lower values for methionine, cystine, 
leucine and lysine than those shown in NRC (1977) tables 
for ring-dried blood meal. Hydrolyzed feather meal was low 
in cystine, isoleucine and tryptophan and relatively high 
in leucine, lysine, glycine and valine compared to NRC 
(1977) values. 
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Table 3. Amino acid composition of blood and feather 
meals used in experiments 1, 2 and 3 
Ring-dried^ Hydrolyzed^ 
blood meal feather meal 
ob .b I» 
Protein 80 86 
Methionine 0.54 0.44 
Cystine 0.53 3.81 
Leucine 10.71 7.62 
Isoleucine 0.82 3.01 
Lysine 7.00 1.70 
Tryptophan 1.30 0.48 
Arginine 3.81 5.55 
Glycine 4.17 6.71 
Serine 2.81 -
Valine 7. 85 6.10 
^The blood meal was obtained from G. A. Wintzer and 
Co., Wapakoneta, Ohio 45895; and the feather meal from 
Central By-Products Co., Redwood Falls, Minnesota. 
^As fed basis. 
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The amino acid composition of the experimental diets 
employed in experiment 2 is presented in Table 4. Deter­
mined values for amino acid concentrations in the basal 
diet (Table 4) were in close agreement with those calcu­
lated from NRC (1977) tables. The basal diet (Table 5) 
was deficient in methionine (0.31%) and isoleucine (0.57%) 
compared to the chick requirements for methionine and iso­
leucine (0,5 and 0.8%), respectively. It also contained 
excess valine (1.5%) and leucine (2.24%) as judged by NRC 
(1977) requirement values for valine (0.82%) and leucine 
(1.35%) . 
Experiment 3 
Since weight gain in experiment 2 was maximized with 
the highest levels of supplemental methionine and iso­
leucine, it seemed desirable to determine whether or not 
further responses could be obtained from supplementation 
with higher levels of these amino acids. 
The composition of the basal diet used in experiment 3 
is presented in Table 2. The basal diet contained 9% 
blood meal and 6% feather meal, with all other nutrients 
being adequately supplied as indicated by NRC (1977) recom­
mendations, except for methionine and isoleucine. 
Methionine was added to the basal diet at levels 0, 0.2% 
and 0.4% and isoleucine was added at levels 0, 0.2% and 
Table 4. Amino acid composition of experimental diets, experiment 2 
Experimental diets " 
Met Val Ile Leu Lys Arg 
1 Basal diet 0. 27 1.27 0. 65 2. 34 1. 26 1. 39 
2 Basal + 0.21% met + 0.2% lys 0. 47 1.30 0. 66 2. 33 1. 46 1. 39 
3 Basal + 0.2% lys + 0.33% ile 0. 24 1. 28 0. 97 2. 19 1. 48 1. 31 
4 Basal + 0.2% lys 0. 26 1.21 0. 67 2. 31 1. 47 1. 38 
5 Basal + 0.21% met + 0.33% ile 0. 45 1.28 0. 97 2. 22 1. 31 1. 34 
6 Basal + 0.21% met 0. 48 1.14 0. 67 2. 34 1. 37 1. 31 
7 Basal + 0.33% ile 0. 21 1.15 0. 98 1. 88 1. 25 1. 38 
8 Basal + 0.21% met + 0.33% ile + 0. 51 1.21 1. 00 2. 35 1. 48 1. 38 
0.2% lys 
Chick requirements (NRC, 19 77) 0. 50 0.82 0. 80 1. 35 1. 20 1. 44 
Table 5. Amino acid composition of experimental diets, experiment 3 
Experimental diets 
Met Val Ile Leu Lys Arg 
1 Basal diet 0.31 1.50 0.64 2.24 1.23 1.34 
2 Basal + 0.2% met 0.46 1. 34 0.67 1.99 1.24 1.12 
3 Basal + 0.4% met 0.67 1.25 0.65 2.21 1.31 1.12 
4 Basal + 0.2% ile 0.29 1.16 0.77 2.11 1.25 1.09 
5 Basal + 0.2% ile + 0. 2% met 0.49 1.12 0.84 2.12 1.30 1.14 
6 Basal + 0.2% ile + 0. 4% met 0.69 1.12 0.79 2.15 1.29 1.14 
7 Basal + 0.4% ile 0.29 1.12 1.05 2.14 1.29 1.10 
8 Basal + 0.4% ile + 0. 2% met 0.47 1.14 1.03 2.22 1. 31 1.08 
9 Basal + 0.4% ile + 0. 4% met 0.48 1.10 1.02 2. 34 1.32 1.18 
Chick requirements (NRC, 1977) 0.50 0.82 0.80 1.35 1.20 1.44 
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0.4% in a 3 X 3 factorial design. Calculated methionine and 
isoleucine concentrations in the basal diet were 0.31% and 
0.67%, respectively. Addition of 0.2% of each amino acid 
resulted in an adequate supply of both methionine and iso­
leucine, based on the NRC (1977) recommended levels for 
both amino acids for the growing chicks. Addition of 0.4% 
of each amino acid represented an excess level of methionine 
and isoleucine. Supplementation of isoleucine at 0.2% and 
0.4% resulted in leucine:isoleucine ratios of 2.8:1 and 
2.3:1, respectively. Amino acids were added to the basal 
diet at the expense of cellulose. Plasma amino acid assays 
and feed analyses were as described previously in experi­
ment 2. 
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RESULTS AND DISCUSSION 
Experiment 1 
Diet treatments had no significant effects on gain in 
body weight or feed efficiency of chicks from 1 to 4 weeks 
of age (Table 6). Similar results were obtained at 2, 3 
and 4 weeks of age, so only the 4-week data are presented. 
Despite the lack of statistically significant differences 
among treatments with respect to weight gain and feed 
efficiency, the numerical differences observed deserve 
comment. Chicks fed diets containing either 10% blood 
meal or 6% feather meal gained less weight and required 
more feed per gain than did those fed the corn-soybean meal 
control diet. When both blood meal and feather meal were 
included in the diet, chick performance was noticeably 
poorer than with any other treatment. 
The diets containing blood and/or feather meal were 
supplemented with the amino acids calculated to be defi­
cient, methionine, lysine and isoleucine. Thus, the 
apparent impairment of chick growth associated with blood 
meal- and feather meal-containing diets should not have 
been the result of an amino acid deficiency. Two possible 
explanations for relatively poor performance of chicks fed 
diets containing blood and/or feather meals deserve consid­
eration. An imbalance among the dietary amino acids may 
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Table 6. Effects of experimental diets on weight gain and 
feed efficiency of broiler chicks, experiment 1 
Diet treatment Weight gain, g/chick 
Kg feed/ 
kg gain 
Control 663* * 1.38* 
10% Blood meal (BM) 636* 1.40* 
6% Feather meal (FM) 644* 1.43* 
10% BM + 6% FM 616* 1.48* 
Standard error 21 0.04 
Source of 
variation 
Mean squares 
df Weight gain Feed/gain 
Block 3 6067.12 ns 0.020 ns 
Treatment 3 1529.54 ns 0.00 7 ns 
Blood meal 1 3036.01 ns 0.003 ns 
Feather meal 1 1552.36 ns 0.019 ns 
BM X FM 1 0.25 ns 0.001 ns 
Error 9 1789.7 0.007 
^Means of four replicate groups of ten chicks each. 
Means in any one column followed by the same letter are 
not significantly different (P 5 0.05). 
^^Nonsignificant. 
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have existed in these diets or the availability of amino 
acids from the protein may have been inadequate, or a com­
bination of both these conditions may have occurred. The 
existence of an amino acid imbalance would have been most 
probable with the diets containing 10% blood meal. In 
these diets, the leucine level was very high (2.4 to 2.5%) 
in relation to the isoleucine concentrations (0.8%). 
Antagonistic interrelationships between leucine and 
isoleucine have been demonstrated (Bray, 1970). Also, 
D'Mello and Lewis (1970) reported that the addition of 
leucine to corn-groundnut meal diets depressed weight gains 
of chicks. The leucine:isoleucine ratio of the diet was 
2.5:1. This growth-depressing effect of leucine was 
alleviated by supplementation of these diets with isoleucine. 
NRC (1977) recommends dietary concentrations of leucine 
and isoleucine for broiler chicks in a ratio of 1.68:1, 
respectively. The diets containing 10% blood meal in the 
current research had leucine:isoleucine ratios of 3.10:1 
to 3.18:1. Therefore, an adverse effect of the high leucine 
levels in relation to isoleucine levels would be a strong 
possibility. 
The seemingly deleterious influence of 6% feather meal 
in the diets may have been the result of relatively poor 
amino acid availability. On a calculated basis, sufficient 
concentrations of essential amino acids were present in the 
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feather meal-containing diets to support satisfactory chick 
performance. Also, in the case of the diet containing 
feather meal but no blood meal, the leucinerisoleucine 
ratio (1.98:1) was similar to that of the corn-soybean 
control diet (1.79:1). Therefore, a severe leucine:iso-
leucine imbalance was not indicated. Inferior amino acid 
availability from feather meal protein may have been the 
primary factor contributing to reduced chick performance. 
Naber et al. (1961) found that amino acid deficiencies were 
encountered when chicks were fed diets in which feather 
meal supplied one-third or more of the dietary proteins. 
These researchers concluded that chicks were unable to 
digest and assimilate amino acids from feather meal protein 
efficiently enough to support maximum growth. 
Feather meal contributed about 23% of the total pro­
tein to the diets tested in the current research. Conceiv­
ably, relatively low digestibility of the protein could have 
resulted in amino acid inadequacies for chick growth, even 
though, on a calculated basis, the amino acid levels of 
diets containing 6% feather meal met or exceeded amino acid 
requirements of broiler chicks. 
In general, the results of this experiment suggest 
that the use of 10% blood meal and 6% feather meal in com­
bination in chick diets yields less than satisfactory per­
formance even when dietary lysine, isoleucine, methionine 
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and total sulfur amino acid levels seem to meet recommenda­
tions. The NRC (1977) listed 10% of blood meal and 6% of 
feather meal as maximum usage levels in practical broiler 
diets. The data of experiment 1 indicate that these levels 
may be too high unless other refinements, yet to be defined, 
in nutrient supply and/or balance are made. 
Experiment 2 
Results from the first experiment indicated that chicks 
fed the blood meal and/or feather meal diets had satisfac­
tory performance compared to that obtained with chicks 
fed the corn-soybean meal control diet, even though numer­
ical differences existed. It was postulated that the 
satisfactory performance of chicks fed the blood-feather 
meal diets was due to the supplementation of the deficient 
amino acids (methionine, lysine and isoleucine). It seemed 
advisable to further assess the need for amino acid supple­
mentation in order to maximize the chick's performance. 
The results (Table 7) show that excellent growth was ob­
tained when the blood-feather meal basal diet was supple­
mented with methionine and isoleucine. Little response 
was obtained when only lysine was added to this diet in 
which blood meal provided one-third of the dietary protein. 
Growth and feed efficiency of chicks fed the basal diet 
were improved by the addition of 0.21% methionine or 0.33% 
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Table 7. Effects of amino acid supplementation on perform­
ance of broiler chicks fed blood and feather meal-
based diets, experiment 2 
Weight gain Kg feed/ 
Diet treatment g/chick kg gain 
(1-3 wks) 
1 Basal 234^ 1.86 
2 Basal + 0.21% met + 0.2% lys 273 1.70 
3 Basal + 0.2% lys + 0.33% ile 257 1.76 
4 Basal + 0.2% lys 258 1.76 
5 Basal + 0.21% met + 0.33% ile 325 1.53 
6 Basal + 0.21% met 267 1.70 
7 Basal + 0.33% ile 266 1.66 
8 Basal + 0.21% met + 0.33% ile + 292 1.63 
0.2% lys 
S.E.M. 6 0.04 
.  . . .  J  J -  M e a n  s q u a r e s  
source of variation df weight gain Feed/gain 
Treatment 7 2219.1** 0.029** 
Lysine (L) 1 40.6 ns 0.003 ns 
Methionine (M) 1 7646.9** 0.093** 
Isoleucine (I) 1 4352.4** 0.070** 
L X M 1 702.0* 0.003 ns 
L X I 1 1969.3** 0.033* 
M X I 1 809.7* 0.001 ns 
L X M X I 1 12.9 ns 0.003 ns 
Error 16 105.5 0.005 
^Means of three replicate groups of five chicks each. 
*Probability of 0.05 or less. 
**Probability of 0.01 or less. 
nsNonsignificant. 
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isoleucine (P ^  0.05), and reached a maximum for the exper­
iment when both methionine and isoleucine were added at 
0.21% and 0.33%, respectively (diet 5). The addition of 
0.33% isoleucine to the basal diet (diet 7), which contained 
2.5% leucine, increased the isoleucine concentration to 1.0% 
of the diet. This level of isoleucine was in excess of the 
chick's requirement for this amino acid, 0.8% (NRC, 1977). 
The excess level of isoleucine had been added originally 
because of the unusually high leucine content of the blood-
feather meal diet. 
Supplementation with methionine and lysine (diet 2) 
resulted in significantly greater weight gain and feed 
efficiency (P ^  0.05) than that obtained with lysine sup­
plementation alone. Supplementation of the basal diet with 
both lysine and isoleucine (diet 3) improved weight gain 
and feed efficiency (P ^  0.05) as compared with the basal 
diet but did not result in any improvement in either 
weight gain or feed efficiency beyond that obtained with 
lysine supplementation alone. With added methionine, 
isoleucine and lysine present (diet 8), growth was improved 
to the point where body weights were 25% heavier than those 
obtained on the basal, unsupplemented diet. It seems that, 
when blood meal was included in practical broiler rations 
to supply up to one-third of the dietary protein, methionine 
and isoleucine were the only amino acids requiring attention 
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in the formulation of rations. 
The analysis of variance (Table 7) showed significant 
differences (P ^ 0-01), in weight gains and feed conversions 
due to the dietary treatments. Diets containing added 
methionine or added isoleucine significantly increased 
weight gains (P < 0.01) and improved feed/gain ratios, as 
compared with the basal diet. Lysine supplementation, how­
ever, had no significant effect on weight gain or feed 
efficiency. There was a significant interaction effect of 
methionine x isoleucine (P < 0.05) for weight gain but not 
for feed efficiency. The existence of a methionine by 
isoleucine interaction was possible because the basal diet 
contained inadequate amounts of both methionine and iso­
leucine. Adding either methionine or isoleucine alone in­
creased weight gain. Addition of the amino acids in com­
bination, however, increased weight gain more than would be 
expected by their additive effects. 
The analysis of variance in the same table (Table 7) 
also showed that there was a significant lysine by iso­
leucine interaction for both weight gain and feed effi­
ciency, (P < 0.01) and P < 0.05), respectively. Here, it 
was observed that isoleucine supplementation alone was more 
beneficial than when both lysine and isoleucine were added 
to the basal diet (266 g/chick vs. 257 g/chick)-
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There was also a significant lysine by methionine 
interaction (P ^ 0.05) that affected weight gains but not 
feed efficiency. The interaction occurred because the 
apparent beneficial effects of supplemental methionine and 
lysine, given independently, were not additive. For exam­
ple, chicks fed the basal + 0.21% methionine gained 267 g 
as compared with 234 g for chicks fed the basal diet. 
Lysine supplementation resulted in an average weight gain 
of 258 g/chick. When both of these amino acids were added 
to the basal diet, weight gain was only 273 g/chick, a 
value essentially the same as when metionine was used 
alone. 
Several trends in the plasma amino acid data were 
observed, although the limitation of one sample per treat­
ment group precluded statistical evaluation to assist in 
interpretation. 
Amino acid analysis of plasma showed that leucine level 
in the plasma of chicks fed the blood-feather meal diet 
(diet 1, Figure 1) was twice as high as that of the corn-
soy control group (diet 9). Additions of 0.21% methionine 
to the basal diet resulted in a sharp increase in plasma 
free methionine (3.9 mg/100 ml) (diet 6) as compared with 
diet 1 (0.5 mg/100 ml), but plasma leucine remained high. 
The plasma leucine level was decreased slightly by the 
addition of isoleucine (17.5 and 14.9 ml/100 ml for diet 1 
Figure 1. Plasma amino acid levels as affected by the supplementation of 
methionine, isoleucine and lysine to diets containing blood and 
feather meals, experiment 2 
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and 7, respectively), whereas plasma isoleucine was increased 
(0.8 vs. 3.2 mg/100 ml). 
Supplementation with lysine alone (diet 4) increased 
the level of lysine in plasma (4.7 vs. 12.4 mg/100 ml), and 
also elevated levels of isoleucine and methionine as com­
pared to the basal diet. However, the use of lysine sup­
plementation together with either methionine (diet 2) or 
isoleucine (diet 3) resulted in noticeable decreases in the 
leucine levels in the plasma (17.5 in the basal diet and 
8.7, 13.7 mg/100 ml in diets 2 and 3, respectively). The 
resultant decreases in leucine of the plasma of chicks 
fed diets supplemented with methionine and isoleucine 
coincided with favorable growth responses. There was also 
a reduction in leucine level in the plasma with added 
lysine, which did not coincide with weight gain data. 
These results showed that plasma amino acid concentration 
might not always be a good measure of amino acid balance 
or growth response. 
When both methionine and isoleucine were added to the 
basal diet (diet 5) , circulating level of leucine was re­
duced (17.5 to 5.6 mg/100 ml), whereas plasma methionine 
and isoleucine concentrations were increased. 
The suggested antagonism between leucine and isoleucine 
which affected the performance of chicks fed blood-feather 
meal diets in experiment 1 did not seem to occur here. The 
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growth depression resulting from this antagonism has been 
reported to respond favorably to increased levels of the 
amino acid that was relatively low in concentration (Harper, 
1970; D'Mello and Lewis, 1970). It was thought that extra 
supplemental isoleucine in experiment 2 might be beneficial. 
Both weight gain data and plasma amino acid results showed 
no noticeable response to extra isoleucine to the basal 
diet. In fact, methionine was the supplemental amino 
acid that had the greatest effect on weight gain, feed 
efficiency and circulating levels of all amino acids includ­
ing leucine, especially when isoleucine was adequate in the 
diet (diet 5). 
Failure to demonstrate an antagonistic interrelation­
ship between isoleucine and leucine in blood-feather meal 
diets, even with the high ratio of leucine to isoleucine 
(3.1:1), could have been because of the adequate level of 
protein (22.6%) in the basal diet, as suggested by Muller 
and Balloun (1974). 
The failure for a partial correction of an apparent 
leucine:isoleucine imbalance to improve chick performance 
may have been related to the source of, and relative avail­
ability of dietary leucine. In the current research, 
leucine was supplied entirely as a component of the dietary 
protein. On the other hand, researchers who have demon­
strated adverse effects of leucine x isoleucine imbalances 
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created the imbalances by using supplemental L-leucine. It 
is a matter of conjecture as to whether or not supplying 
excessive leucine as a component of the protein molecules 
vs. supplying leucine as a pure amino acid would influence 
the nature of response to supplemental isoleucine. But 
the possibility exists, especially if a part or all of the 
nutritional antagonism between these two amino acids occurs 
at the intestinal absorption sites. 
A third explanation for the failure of isoleucine to 
exert a marked influence on performance in the presence of 
excess leucine could be related to the relatively high 
valine level in the test diets. Isoleucine in the diet 
might not be particularly sensitive to excessive leucine 
when excessive valine is also present. D'Mello and Lewis 
(1970) reported that a leucine x valine interaction was 
more important nutritionally than the relationship between 
leucine and isoleucine. They found that the adverse effects 
of leucine in the diets they used were alleviated by 
dietary additions of valine and not by supplemental 
isoleucine. 
Experiment 3 
The results of experiment 2 showed that diets contain­
ing 9% blood meal and 6% feather meal gave maximum responses 
in growth and feed efficiency of broiler chicks when 
methionine and isoleucine were added to achieve dietary 
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levels of 0.5% and 1.0%, respectively. Experiment 3 was 
conducted to evaluate the supplementation of blood-feather 
meal diets with higher levels of these amino acids. 
Methionine and isoleucine were added so that a deficient, 
an adequate and an excess level of each amino acid were 
combined in a 3 x 3 factorial arrangement. 
The basal diet used in experiment 3 (Table 2) contained 
the same levels of blood and feather meals as the basal diet 
used in experiment 2, but it contained no meat and bone 
meal. 
The weight gain and feed efficiency data obtained in 
experiment 3 are presented in Table 8. When the basal diet 
was fed, chick growth and feed efficiency were significantly 
lower (P ^ 0.05) than those obtained with other dietary 
treatments. As shown previously in experiment 2, addition 
of 0.2% methionine to the basal diet (diet 2) resulted in a 
significant increase (P < 0.05) in weight gain. Feed effi­
ciency was also improved (P ^ 0.01). Increasing supple­
mental methionine from 0.2 to 0.4%, however, did not improve 
weight gain or feed efficiency beyond that obtained with 
the 0.2% level (diet 3). 
Addition of 0.2% isoleucine (diet 4), which increased 
the isoleucine level to the requirement level of 0.87% 
(NRC, 1977) , resulted in significant improvements in weight 
gain and feed efficiency (P ^ 0.05). The magnitudes of 
58 
Table 8. Effects of amino acid supplementation on perform­
ance of broiler chicks fed diets based on blood 
meal and feather meal, experiment 3 
Weight gain (g). Kg feed/ 
1-4 wks kg gain 
1 Basal 358^ 1.91 
2 Basal + 0.2% met 460 1.73 
3 Basal + 0.4% met 452 1.78 
4 Basal + 0.2% ile 415 1.78 
5 Basal + 0.2% ile + 0.2% met 462 1.74 
6 Basal + 0.2% ile + 0.4% met 483 1.71 
7 Basal + 0.4% ile 380 1.96 
8 Basal + 0.4% ile + 0.2% met 458 1.74 
9 Basal + 0.4% ile + 0.4% met 425 1.79 
S. E.M. 14 0.04 
^Values represent means of three replicate groups of 
five chicks each. 
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these changes, however, were less than those obtained with 
0.2% added methionine. When 0.4% isoleucine was added 
(diet 7), a significant reduction (P 5 0.01) in weight gain 
and feed efficiency occurred as compared to 0.2% added 
leucine. These findings agree with the results reported 
by Fisher (19 68). He observed a marked growth improvement 
when supplemental isoleucine in blood meal-based diets was 
reduced from 1.5 to 0.5%. 
Supplementation of the basal diet with 0.2% methionine 
and 0.2% isoleucine increased the levels of both amino 
acids to the requirement levels of 0.5% and 0.87% for 
methionine and isoleucine, respectively (diet 5). This 
combination resulted in significant increases in weight 
gain (P ^  0.05) and improved feed/gain ratios as compared 
with the basal diet. Maximum performance of chicks for 
this experiment, however, was obtained when the diet was 
supplemented with 0.2% isoleucine and 0.4% methionine. 
When 0.4% isoleucine and 0.2% methionine were added, no 
further improvement in weight gain and feed/gain ratio was 
obtained beyond that observed with 0.2% methionine alone. 
The results of both experiments 2 and 3 demonstrated that 
growth of chicks fed 9% blood meal and 6% feather meal 
could be maximized with 0.87% isoleucine and 0.7% 
methionine in the diet. Results also showed that methionine 
was the first limiting amino acid in these diets. 
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The analysis of variance (Table 9) indicated significant 
differences (P < 0.05) in weight gains and feed efficiency 
ratios for the dietary treatments. As in experiment 2, 
these differences were expected because of the graded 
levels of methionine and isoleucine added to the basal 
diet which contained inadequate levels of both amino acids. 
The analysis of variance (Table 9) indicated a significant 
main effect of methionine (P ^ 0.05) for both weight gain 
and feed efficiency ratio. The linear and quadratic effects 
of methionine were significant (P - 0.05) for weight gain 
but not for feed efficiency. This indicated an increase 
in weight gains with added methionine, but the magnitude 
of increase decreased with the highest level of supple­
mental methionine. 
There was also a significant main effect of isoleucine 
on weight gain (P ^ 0.01) and feed efficiency (P ^ 0.05). 
The analysis of variance indicated that there was no sig­
nificant methionine by isoleucine interaction. This 
showed that the effect of dietary methionine was not 
influenced by isoleucine or vice versa. 
Amino acid analysis (Figure 2) showed that leucine 
level in the plasma of chicks fed the basal diet (diet 1) 
was twice as high as that of the corn-soy group (diet 10). 
The addition of 0.2% methionine (diet 2) reduced the plasma 
concentration of leucine to about 12.4 mg/100 ml as compared 
Table 9. Analysis of variance of weight gain and feed/gain experiment 3 
Weight gain (g/chick) Kg feed/kg gain 
variation df^ M.S.b F-value df M.S. F-value 
Treatment 8 5213.8 8.28** 8 0.026 4.64** 
Isoleucine (I) 2 2978.4 4.73* 2 0.038 6.76** 
Methionine (M) 2 15803.3 25.11** 2 0.037 6.67** 
I X M 4 1036.7 1.65 ns 4 0.014 2.57 ns 
Error 18 629.4 — — 18 0.005 
I Linear (1) 1 36.9 0.06 1 0.007 0.277 
I Quadratic (q) 1 5919.9 9.40 1 0.068 0.002 
M Linear 1 21465.9 34.18** 1 0.073 0.002 
M Quadratic 1 10140.7 16.11** 1 0.002 0.569 
Ml X IL 1 1795.8 2.85 1 0.001 0.677 
Il X Mq 1 0.2 0.00 ns 1 0.050 0.007 
Iq X Ml 1 2.6 0.00 ns 1 0.005 0.351 
Iq X Mq 1 2348.2 3.73 1 0.001 0.740 
^Degrees of freedom. 
Mean square. 
^®Nonsignificant. 
*Probability of (P ^ 0.05). 
**Probability of 0.01 or less. 
Figure 2. Plasma amino acid levels as affected by the supplementation of 
methionine and isoleucine to diets containing blood and feather 
meals, experiment 3 
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with 16.7 itig/100 ml for chicks fed the basal diet. Increas­
ing methionine supplementation to 0.4% (diet 3) resulted 
in a further reduction of plasma leucine level to 9-2 
mg/100 ml. 
Addition of 0.2% isoleucine reduced the level of 
leucine to 11.9 mg/100 ml (diet 4) but increasing supple­
mental isoleucine to 0.4% (diet 7) had no further effect 
on the circulating level of leucine. Isoleucine in the 
plasma increased from 0.7 mg/100 ml for chicks fed the 
basal diet to 2.9 and 4.8 mg/100 ml when 0.2% and 0.4% 
supplemental isoleucine, respectively, were used. 
The results indicated that the addition of 0.4% iso­
leucine was more than necessary to restore the balance of 
amino acids in the diet, because weight gain and feed 
efficiency were reduced with 0.4% supplemental isoleucine 
as compared to when 0.2% isoleucine was used. Furthermore, 
plasma levels of free isoleucine increased considerably 
when supplemental isoleucine was increased from 0.2% to 
0.4%. Although plasma level of leucine decreased from 
16-7 mg/100 ml for the basal group to 11.9 mg/100 ml with 
0.2% supplemental isoleucine, it remained high when 0.4% 
supplemental isoleucine was used. Supplementation of 0.2% 
and 0.4% isoleucine in the blood-feather meal diets used 
in this study increased the dietary level of isoleucine 
from 0.67% to 0.87 and 1.07%, respectively. Isoleucine 
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supplementation resulted in leucine to isoleucine ratios 
of 2.70:1 and 2.2:1, respectively, as compared with 3.58:1 
for the basal diet. All these ratios exceeded the 1.68:1 
ratio recommended by the NRC (1977) for chick diets. 
Other researchers also have observed adverse effects 
of "extra" isoleucine supplementation of poultry diets 
(D'Mello and Lewis, 1970). Muller and Balloun (1974) re­
ported that increasing the dietary isoleucine level of 
laying hen diets considerably beyond the requirement, in an 
attempt to reduce an unusually wide leucine:isoleucine 
ratio, had a detrimental effect on performance. Evidently, 
the growing chicks in the research reported herein re­
sponded in a similar manner to "extra" isoleucine despite 
a very wide leucine :isoleucine ratio. 
The results of the three experiments reported herein 
demonstrated that ring-dried blood meal and hydrolyzed 
feather meal can be used effectively in broiler chick 
diets when properly supplemented with amino acids. The 
optimum supplemental levels required were 0.2% methionine 
and 0.2% isoleucine. Supplemental lysine was not needed, 
indicating a high digestibility of the blood meal tested. 
The level of supplemental methionine needed to obtain 
maximum or near maximum weight gain was 0.2%. The result­
ing dietary methionine concentration was 0.5%, a value 
corresponding to dietary level recommended by NRC (1977). 
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Also, the dietary concentration of isoleucine resulting 
from the use of 0.2% supplemental isoleucine (0.87 % 
dietary isoleucine) was the same as that recommended by 
NRC (19 77). The latter observation was somewhat unexpected 
in view of the unusually high levels of leucine in the 
blood-feather meal diets (2.4 to 2.5%). The research 
reported here clearly showed that the wide dietary leucine: 
isoleucine ratios, 2.75:1 to 2.87:1, in the blood-feather 
meal diets supplemented with 0.2% isoleucine were not 
detrimental to chick performance, and a supplemental level 
of isoleucine beyond that needed to meet the NRC (1977) 
recommended level was unnecessary. 
The information obtained from the current research 
also demonstrated that, in general, plasma amino acid con­
centrations indicate the amino acid adequacy of diets. A 
very high level of plasma leucine and quite low levels of 
isoleucine and methionine were observed when the blood-
feather meal, basal diet was fed as compared with the 
plasma amino acids of chicks fed a well-balanced, corn-
soybean meal diet. Supplementation of the basal diet with 
0.2% methionine and 0.2% isoleucine reduced plasma leucine 
dramatically and increased plasma methionine and isoleucine 
concentrations. These changes in plasma amino acids coin­
cided with improvements in rate of gain by chicks fed the 
supplemented, blood-feather meal diet. 
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CONCLUSIONS 
1. Practical-type diets containing 9% blood meal and 6% 
feather meal will support a high and efficient rate of 
gain by broiler chicks when the diets are supplemented 
with 0.2% methionine and 0.2% isoleucine. 
2. Lysine supplementation of blood-feather meal diets was 
unnecessary for maximum chick growth. 
3. Methionine was the first limiting amino acid and 
isoleucine was the second limiting amino acid in the 
blood-feather meal diet. 
4. Concentrations of plasma leucine, isoleucine and 
methionine reflected the balance or lack of balance 
among dietary amino acids. 
5. Evidence was obtained suggesting that a supplemental 
methionine level of more than 0.2% may be required to 
obtain maximum weight gain and feed efficiency of 
chicks fed blood-feather meal diets containing 0.2% 
added isoleucine. 
68 
PART 2. SULFUR AMINO ACID STATUS OF BLOOD-FEATHER MEAL 
DIETS FED TO BROILER CHICKS 
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INTRODUCTION 
The amino acid content and availability of animal by­
product proteins such as blood meal and feather meal have 
been the subject of much research in both laboratory and 
practical feeding of poultry. Determination of the total 
sulfur amino acid content of blood and feather meal in 
practical broiler rations has recently received the great­
est attention because both methionine and cystine are often 
most limiting in practical corn-soy diets for chicks. 
Fisher (1968) reported that certain amino acids, par­
ticularly methionine and arginine, might not be readily 
available from blood meal. The shortage of available 
methionine in hydrolyzed feather meal also has been reported 
by Moran et al. (1959), McCasland and Richardson (1966) and 
others. Feather meal, however, is unusually high in cystine 
content. Barnett and Morgan (1960) indicated that the poor 
performance of chickens consuming diets high in featner 
meal was due to excess cystine. Burgos et a2. (1974) 
assayed the amino acid content of hydrolyzed feather meal 
and found that cystine was 94-97% available for chicks. 
Waibel et aJL. (1977) reported that vat-drying of blood 
resulted in severe reduction in the bioavailability of 
methionine and the digestibility of the protein, whereas 
ring-drying of blood meal resulted in a product of reason­
ably good quality. 
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Apart from the total protein and energy in the diet, 
methionine requirement of the chick is influenced by the 
level of cystine (Grau and Almquist, 1943). Behrends and 
Waibel (1975) also found that the methionine requirement 
was dependent on the amount of cystine contained in the 
diet. 
When comparing the methionine and cystine levels of 
the blood-feather meal diets employed in the current study 
to the NEC (1977) requirements, it was found that methionine 
was usually below (0.3% vs. 0.5%, respectively) and cystine 
was above (0.48% vs. 0.43%, respectively) the chick's 
requirement. Results from the previous study on blood-
feather meal diets, however, indicated the need to supple­
ment methionine at levels above the requirement in order 
to maximize growth and feed efficiency. Because the 
methionine requirement varies with the amount of utilizable 
cystine in the diet, it was postulated that excess 
methionine was needed to overcome a shortage of available 
cystine or methionine in the blood-feather meal diet. 
Another possibility would be an interaction between cystine 
and methionine in the blood-feather meal diets (when 
methionine was suboptimal) whereby the methionine require­
ment was increased. 
The present study was conducted to determine the 
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effects of supplementation of blood-feather meal diets 
with methionine and/or cystine on broiler performance. 
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MATERIALS AND METHODS 
One-day old Welp-Rock cockerels were fed a corn-soybean 
meal diet for a pre-experimental period of 1 week. All 
birds were caged in a six-tiered battery brooder. Each tier 
had separate thermostatic controls. At 7 days of age, the 
chicks were selected randomly from each weight group and 
were placed in the experimental pens so that the average 
weight of each pen of chicks was approximately the same. 
Each experiment contained three replicates of each 
treatment. A completely randomized scheme was used in the 
two experiments. Feed and water were offered ad libitum 
throughout each experiment. Body weight and feed consump­
tion were measured weekly by pens. Body weight gains and 
feed conversions were calculated at the end of each exper­
iment. Data were analyzed statistically following the 
analysis of variance procedures outlined by Snedecor and 
Cochran (19 67) with the aid of the Statistical Analysis 
System (Barr and Goodnight, 19 72). 
Chemical Analysis 
The chemical analysis (Tables 1 and 2) of the basal 
diets and other selected diets from both experiments are 
shown in Table 3. Methionine sulfone and cysteic acid 
were determined by the method of Stanford Moore (1963). 
Other amino acids were determined by ion-exchange 
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chromatography, following a Standard Amino Acid Procedure 
described previously in the first part of this study. 
Plasma amino acid concentrations were assayed by gas 
liquid chromatography using a modification of procedures of 
Kaiser et al. (1974) and Adams (1973) . 
Experiment _1 
Experiment 1 was designed to determine the effect of 
methionine and cystine supplementation of blood meal-feather 
meal diets on growth and feed efficiency of broiler chicks. 
The basal diet used in experiment 1 (Table 1) was 
formulated to contain 9% blood meal and 6% feather meal 
and was supplemented with 0.2% isoleucine. Supplementation 
with 0.2% isoleucine was found to be adequate for chick 
growth during a previous study using the same basal diet. 
A corn-soybean meal diet (Table 1) was employed in this 
experiment as a positive control treatment. A negative con­
trol diet (Treatment 11, Table 4) was basically the same 
as the basal diet except that no isoleucine was added. 
The basal diet was calculated to contain 22.6% protein, 
3157 kcal of metabolizable energy/kg, 0.3% methionine and 
0.48% cystine. The total sulfur amino acid concentration 
of the diet (0.78%) closely resembled the value determined 
by laboratory analysis (0.75%, Table 3). Three levels of 
supplemental methionine (0.1, 0.2 and 0.3%) and two levels 
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Table 1. Composition of the blood-feather meal basal diet 
and the corn-soybean meal diet, experiment 1 
ingredients Basal "^"Snt^Sr" 
Corn 66.0 56.8 
Soybean meal (44% protein) 10.0 36.0 
Blood meal (80% protein) 9.0 
Feather meal (86% protein) 6.0 
Dicalcium phosphate 2.5 2.0 
Limestone 1.0 1.0 
Soy oil 2.5 3.0 
Salt + mineral mix^ 0.5 0.5 
Vitamins premix^ 0.5 0.5 
Cellulose 1.79 — 
DL-methionine — 0.2 
L-isoleucine 0-21 — 
Calculated analysis: 
Protein (%) 22.6 20.8 
Metabolizable energy 
(kcal/kg) 3157 3023 
Calcium (%) 0.97 0.92 
Total phosphorus (%) 0.75 0.76 
Methionine (%) 0.30 0.52 
Lysine (%) 1.34 1.20 
Isoleucine (%) 0.87 1.07 
Leucine (%) 2.50 1.92 
Cystine (%) 0.48 0.33 
^Supplied the following per kilogram of the diet. 
Mn, 117 mg; Zn, 66 mg; Fe, 62 mg; Cu, 10 mg; iodized salt, 
4-35 g. 
^Supplied the following per kilogram of the diet: 
vitamin A, 7500 lU; vitamin Dg, 1500 lU; vitamin K, 1 mg; 
vitamin E, 6 lU; riboflavin, 1 mg; niacin, 75 mg; pantothenic 
acid, 22 mg; choline, 400 mg; vitamin 20 pg. 
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of supplemental cystine (0 and 0.1%) were added to the blood-
feather meal basal diet in a complete factorial arrangement 
to obtain six additional diet treatments. Methionine and/or 
cystine additions were made at the expense of an equal 
weight of cellulose. All diets were supplied a^ libitum 
to broiler chicks from 1 to 4 weeks of age. 
Experiment 2 
The results of experiment 1 showed that cystine supple­
mentation of the diet containing 0.3% methionine improved 
rate of gain and feed efficiency of chicks. Experiment 2 
was conducted to determine the effects of incremental addi­
tions of cystine to a diet containing 0.2% methionine on 
chick performance- In order to reduce the methionine of 
the basal diet to 0.2% and still maintain 9% blood meal and 
6% feather meal in the diet, sorghum grain (milo) was sub­
stituted for corn in the ration formula. As a result, 
methionine level of the basal diet was 0.2%, but the con­
centrations of protein and other amino acids remained nearly 
the same as those in the basal of experiment 1. 
The basal diet (Table 2) was supplemented factorially 
with methionine (0, 0.1, 0.2, 0.3 and 0.4%) and cystine 
(0, 0.1 and 0.2%). The calculated values for methionine 
and cystine in the basal diet were 0.2 and 0.48%, respec­
tively. Determined values for methionine and cystine in 
the basal diet were 0.19 and 0.46%, respectively (Table 3). 
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Table 2. Composition of the basal diet, experiment 2 
Ingredients % of the Diet 
Sorghum (milo) 66.0 
Soybean meal (44% protein) 10.0 
Feather meal (86% protein) 6.0 
Blood meal (86% protein) 9.0 
Dicalcium phosphate 2.5 
Limestone 1.0 
Soy oil 2.5 
Salt + mineral mix^ 0.5 
Vitamins premixb 0.5 
Cellulose 1.90 
L-Isoleucine 0.10 
Calculated analysis : 
Protein (%) 22.71 
Metabolizable energy (kcal/kg) 3117 
Calcium (%) 0.96 
Total phosphorus (%) 0.75 
Methionine (%) 0.2 
Lysine (%) 1.31 
Isoleucine (%) 0.87 
Leucine (%) 2.55 
Cystine (%) 0.48 
^'^See footnotes (Table 1). 
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Methionine and cystine were added at the expense of cellu­
lose. All diets were fed to chicks from 1 to 3 weeks of 
age. 
In both experiments, variable dietary levels of total 
sulfur amino acids were fed, with the total percentage of 
dietary methionine plus cystine varying from 0.78 to 1.28% 
in experiment 1, and from 0.68 to 1.28% in experiment 2. 
78 
RESULTS AND DISCUSSION 
Chemical Analysis 
The amino acid content of ring-dried blood meal and 
hydrolyzed feather meal samples used in experiments 1 and 
2, as determined by the chemical analysis, is listed in 
Table 3. The values of the individual amino acids were 
similar to those listed by NRC (1977) for samples of com­
parable products. Determined values for methionine and 
cystine in both meals were higher when oxidized with the 
performic acid prior to their determination. In this 
method, methionine and cystine were converted to the stable 
derivatives methionine sulfone and cysteic acid before acid 
hydrolysis. The methionine and cystine content of blood 
meal obtained with and without the performic acid oxidation 
were 0.59 and 0.54% and 0.56 and 0.53%, respectively. 
Methionine and cystine contents of feather meal were 0.52 
and 4.01%, respectively, when oxidized, compared to 0.44 
and 3.81% when no oxidation was used. 
Schram et (1954) also reported relatively low 
methionine and cystine levels in poultry feed ingredients 
when the standard amino acid analysis procedure was used. 
Acid hydrolysis of the protein during this procedure appar­
ently destroyed part of the methionine and cystine. 
The results of the amino acid analysis of some 
Table 3. Amino acid composition of blood meal, feather meal and selected diets 
from experiments 1 and 2 
Item Met Cys Val Ile Leu Lys 
Ring-dried blood meal 0. 59 0 . 56 7. 
"0 
77 0. 84 10. 72 7. 10 
Hydrolyzed feather meal 0. 52 4, .01 6. 21 3. 05 7. 54 1. 62 
Experiment 1 : 
1 Basal diet 0. 30 0 .45 1. 16 0. 85 2. 21 1. 23 
6 Basal + 0.1% cys 0. 42 0 .54 1. 12 0. 83 2. 24 1. 24 
10 Basal + 0.4% met + 0.1% cys 0. 68 0 .53 1. 14 0. 85 2. 31 1. 23 
11 Negative control (blood + 0. 29 0 .43 1. 15 0. 63 2. 40 1. 21 
feather meal) 
12 Positive control (corn-soybean) 0. 51 0 . 32 1. 11 1. 01 1. 85 1. 21 
Experiment 2 : 
1 Basal diet 0. 19 0 .46 1. 12 0. 85 2. 51 1. 30 
5 Basal + 0.1% met + 0.1% cys 0. 29 0 .54 1. 15 0. 86 2. 53 1. 31 
9 Basal + 0.2% met + 0.2% cys 0. 40 0 .66 1. 14 0. 85 2. 53 1. 30 
12 Basal + 0.3% met + 0.2% cys 0. 49 0 .67 1. 12 0. 87 2. 51 1. 31 
15 Basal + 0.4% met + 0.21% cys 0. 61 0 .65 1. 13 0. 86 2. 52 1. 29 
Chick requirements (NRC, 1977) 0. 50 0 .43 0. 82 0. 80 1. 35 1. 20 
^As fed basis. 
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selected diets in experiments 1 and 2 (Table 3) always 
corresponded well with the calculated values (Tables 1, 2). 
Experiment 1^ 
Weight gain and feed efficiency of chicks fed the 
feather-blood meal basal diet (diet 1, Table 4) were less 
than those of chicks fed the positive control, corn-soybean 
meal diet (diet 12). The performance of chicks fed the 
basal diet, which contained 0.2% supplemental isoleucine, 
was superior to that of broilers fed the negative control 
diet. This suggests that isoleucine was slightly deficient 
in the unsupplemented negative control diet. 
There was a trend toward increased growth rate when 
0.1 and 0.2% methionine were added to the basal diet. 
Supplemental levels of methionine beyond 0.2% did not cause 
additional favorable effects on weight gain. This would be 
expected because 0.2% supplemental methionine was sufficient 
to attain a total dietary methionine level equal to the 
broiler's requirement (0.5%). Statistical analysis did not 
reveal a significant main effect of methionine supplementa­
tion on weight gain nor was there a significant linear 
effect of methionine according to regression analysis 
(Table 5). 
Statistical analysis showed that methionine exerted 
a significant linear effect on feed efficiency, whereby 
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Table 4. Effect of methionine and cystine supplementation 
of blood meal-feather meal diets on the perform­
ance of broiler chicks, experiment 1 
Weight gain ^ 
Diet treatment (g/chick) , " . ' 
(1-4 wks) kg gain 
1 Basal 567^ 1.85 
2 + 0.1% met 606 1.71 
3 + 0.2% met 629 1.65 
4 + 0.3% met 628 1.65 
5 + 0.4% met 624 1.60 
6 + 0.1% cys 622 1.70 
7 + 0.1% met +0.1% cys 608 1.64 
8 + 0.3% met +0.1% cys 586 1.77 
9 + 0.3% met + 0.1% cys 596 1.67 
10 + 0.4% met+0.1% cys 590 1.69 
11 Negative control (blood + 540 1.92 
feather meal) 
12 Positive control (corn- 622 1.59 
soybean) 
S.E.M. ± 13 ±0.04 
^All values represent the mean of three replicate 
groups of five chicks each. 
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Table 5. Analysis of variance of weight gain and feed/ 
gain, experiment 1 
source of variation df weight"|aL^'^"^FLa gain 
Treatment 9 1303, .31 ns 0. 016 ns 
Cystine (C) 1 840. 58 ns 0. .000 ns 
Methionine (M) 4 269. 91 ns 0. 018 ns 
Cystine x methionine 4 2452. 39* 0. ,019 ns 
Error 20 596. 48 0. ,007 
Cystine linear (CL) 1 840. 58 ns 0. ,000 
Methionine linear (ML) 1 559. 37 ns 0. 048 * *  
Methionine quadratic (MQ) 1 422. 55 ns 0. ,004 
*Probability of 0.01 or less. 
**Probability of 0.05 or less. 
nsNonsignificant. 
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feed/gain ratios decreased with each increment of methionine. 
This effect of methionine was most evident when no cystine 
was added to the diets (diets 2-5). 
The addition of 0.1% cystine to the diet (diet 6) 
improved weight gain and feed efficiency in a manner nearly 
analogous to the responses observed when 0.2% methionine 
was used (diet 3). The magnitude of the favorable effect 
of cystine on weight gain diminished as increments of 
methionine were added to the diet (diet 7-10). Feed effi­
ciencies were relatively variable in response to increments 
of methionine in the diets supplemented with cystine. 
Cystine did not have a statistically significant main 
effect on gain or feed efficiency. But, as mentioned 
previously, cystine interacted significantly with methionine 
in the case of weight gains. This interaction effect illus­
trates the importance of the nutritional interrelationship 
that exists between these two amino acids. The weight gain 
data (Table 4 and Figure 1) showed that the addition of 
methionine to diets containing 0.48% cystine caused a 
favorable effect until the methionine requirement was ful­
filled (0.5% of the diet). Thereafter, the weight gain 
plateaued despite further methionine supplementation. 
When cystine concentration in the diet was increased to 
0.58%, however, there was a general decline in weight gain 
by chicks as methionine level increased. 
Figure 1. Effect of methionine and cystine supplementation to diets contain­
ing blood and feather meals on weight gains of broiler chicks, 
experiment 1 
Weight gain g/chick 
S8 
Figure 2. Effect of methionine and cystine supplementation to diets contain­
ing blood and feather meals on feed efficiency ratios of broiler 
chicks, experiment 1 
Kg feed/Kg gain 
L8 
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The apparent adverse effects of increasing methionine 
levels in the presence of 0.58% cystine are difficult to 
explain. Featherstone and Rogler (1978) reported that 
cystine supplementation (0.2%) of a low-methionine diet 
(0.2%) decreased chick growth. When the dietary methionine 
was increased to 0.4%, however, 0.2% added cystine had no 
effect on growth. The results observed in the research 
reported herein were just the opposite; cystine improved 
chick performance when methionine was deficient. In addi­
tion, methionine depressed chick growth slightly when 
cystine was present at a level exceeding the chick's 
requirement. 
Some interesting trends in the plasma amino acid data 
were observed. The plasma amino acid concentrations of 
chicks fed the dietary treatments are shown in Figure 3. 
The methionine level in the plasma of chicks fed the corn-
soybean meal control diet (diet 12) was twice as high as 
that of chicks receiving the basal diet (4.8 vs. 2.3 mg/100 
ml). In contrast, plasma cystine levels in the corn-soy 
fed chicks were slightly lower than those of chicks fed 
the basal diet (2.4 vs. 2.9 mg/100 ml). Chicks fed the 
blood-feather meal diet (diet 11) had the lowest level of 
plasma methionine (1.9 mg/100 ml) and a low level of 
cystine (2.7 mg/100 ml). This was expected, however, be­
cause the blood-feather meal diet was deficient in the 
Figure 3. Plasma methionine and cystine concentrations as affected by the 
supplementation of methionine and cystine to diets containing 
blood and feather meals, experiment 1 
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first and second most limiting amino acids, methionine 
and isoleucine, respectively. 
Supplementation of the basal diet (0.3% methionine) 
with 0.1 to 0.4% methionine (diets 2-5) resulted in a 
linear increase in the methionine levels in the plasma. 
Cystine concentrations tended to decrease with added 
methionine up to 0.2% (diet 3) and then increased to the 
level of the basal group when 0.3 or 0.4% methionine was 
added (diets 4 and 5). This response coincided with the 
weight gain and feed efficiency data, whereby the best per­
formance was observed when dietary methionine concentration 
reached the NRC (1977) requirement level (0.5%). Also, the 
decrease in cystine level in the plasma indicated a better 
balance of amino acids due to supplementation of the most 
deficient amino acid, methionine, and hence, a better 
utilization of cystine, and probably other amino acids as 
well, for productive purposes by chicks. 
Supplementation of 0.1% cystine to the basal diet 
(diet 6) increased cystine level in the plasma from 2.9 
mg/100 ml to 3.7 mg/100 ml. Concurrently, plasma methionine 
increased slightly from a basal level of 2.3 mg/100 ml to 
2.9 mg/100 ml. These changes suggest that cystine supple­
mentation did not improve methionine utilization by the 
chick. The weight gain data, however, strongly indicate 
that the opposite was true. 
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Supplementing the blood-feather meal diet containing 
0.1% cystine with methionine (diets 7 to 10) resulted in 
a linear increase in methionine level of the plasma. 
Similarly, plasma cystine levels increased from a level of 
2.9 (diet 7) to 3.5 mg/100 ml (diet 10). The observed 
increases in the levels of methionine and cystine in the 
plasma might be the result of an excess of the total sulfur 
amino acids in diets 7 to 10. The calculated TSAA values 
ranged from 0.98% to 1.28% for diets 7 to 10, respectively. 
Experiment 2 
The weight gain and feed efficiency data for experiment 
2 (Table 6) showed that supplementation of the basal diet 
with 0.1% methionine (diet 4) numerically increased weight 
gains and improved feed efficiency. Increasing supplemental 
methionine to 0.2% (diet 7) elicited no further response 
beyond that obtained with 0.1% supplemental methionine. A 
trend towards increased growth rate, however, continued with 
higher increments of methionine (diet 10 and 13). This 
linear increase in growth observed with increased methionine 
concentration in the diet seems to contradict the results 
reported in experiment 1. The analysis of variance (Table 
7) showed a significant main effect of methionine (P ^ 0.01) 
on growth and feed efficiency. Discrepancies between the 
results of methionine supplementation observed in experiments 
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Table 6. Effect of methionine and cystine supplementation 
of blood meal-feather meal diets on the perform­
ance of broiler chicks, experiment 2 
Weight gain Kg feed/. 
Diet treatment (g/chick) kg gain 
(1-3 wks) 
1 Basal 335^ 1.77 
2 + 0.1% cys 323 1.77 
3 + 0.2% cys 305 1.78 
4 + 0.1% met 353 1.63 
5 + 0.1% met + 0.1% cys 366 1.71 
6 + 0.1% met + 0.2% cys 380 1.65 
7 + 0.2% met 355 1.69 
8 + 0.2% met + 0.1% cys 391 1.67 
9 + 0.2% met 0.2% cys 390 1.63 
10 + 0.3% met 366 1.69 
11 + 0.3% met + 0.1% cys 378 1.66 
12 + 0.3% met + 0.2% cys 358 1.73 
13 + 0.4% met 379 1.68 
14 + 0.4% met + 0.1% cys 372 1.71 
15 + 0.4% met 0.2% cys 341 1.79 
S.E .M. 17 0.03 
^All values represent the mean of three replicate 
groups of five chicks each. 
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Table 7. Analysis of variance of weight gain and feed/gain, 
experiment 2 
Source of variation Means square 
Weight gain Feed/gain 
Treatment 14 1835. 7* 0. 009** 
Cystine (C) 2 527. 6 ns 0. 002 ns 
Methionine (M) 4 4387. 4** 0. 020** 
Cystine x methionine 8 886. 9 ns 0. 005 ns 
Error 30 880. 6 0. 002 
Cystine linear (CL) 1 59. 3 ns 0. 004 ns 
Cystine quadratic (CQ) 1 996. 0 ns 0. 000 ns 
Methionine linear (ML) 1 6773. 8** 0. 003 ns 
Methionine quadratic (MQ) 1 9229. 7** 0. 065** 
Methionine cubic (Mb) 1 1475. 4 ns 0. Oil ns 
*Significant at P 5 0.05. 
**Significant at P ^ 0.01. 
^^Nonsignificant. 
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1 and 2 might be related to the relatively extreme defi­
ciency of methionine in the basal diet (0.2%) used in 
experiment 2 as opposed to that in the basal diet of 
experiment 1 (0.3%). 
The results of the statistical analysis presented in 
the same table (Table 7) showed a significant linear and 
quadratic effect of methionine on weight gain (P ^ 0.01). 
The graphic presentation of weight gain data (Figure 3) 
shows that the addition of 0.1 and 0.2% methionine to the 
diet increased gain, especially with dietary cystine levels 
of 0.58 and 0.68%. The use of 0.3 and 0.4% supplemental 
methionine either had little effect or a deleterious effect 
on chicks fed the same respective cystine levels. 
A significant quadratic effect of methionine also was 
indicated for feed efficiency (P < 0.01). These effects 
of methionine supplementation paralleled those on weight 
gain, whereby feed/gain ratio improved with increasing 
additions of methionine up to 0.2%. Thereafter, further 
methionine supplementation either failed to change or had 
a detrimental effect on feed efficiency. The adverse effect 
of methionine on feed efficiency was evident when 0.2% 
cystine was added to the diet (diets 4, 7, 10 and 13) . 
In contrast to the growth stimulation from added 
methionine, supplementation of the basal diet with 0.1% 
cystine resulted in a 3.6% decrease in weight gain, while 
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0.2% supplemental cystine resulted in a 9.1% decrease in 
weight gain. The growth depressing effect of added cystine 
occurred even though the total sulfur amino acid content of 
the diet was only 0.78%. It was noted that the trend 
towards depressed growth with added cystine was reversed 
when 0.1% supplemental methionine was added to the basal 
diet (diets 5 and 6). In fact, the addition of 0.2% cystine 
to the diet containing 0.3% methionine (diet 6) increased 
weight gain of chicks more than did the 0.1% added cystine. 
The favorable effect of adding cystine to a diet containing 
0.3% methionine observed in this experiment agreed with 
results of experiment 1. 
The beneficial effect of added cystine on growth was 
maximized with 0.2% added methionine (0.4% total methionine) 
(diets 8 and 9), and then declined when supplemental 
cystine was used with higher levels of methionine (Figure 
4) . 
Cystine did not have a statistically significant main 
effect on gain or feed efficiency. Also, the analysis of 
variance (Table 7) failed to reveal a significant inter­
action between methionine and cystine for weight gain or 
feed efficiency. 
The weight gain data (Table 6 and Figure 4) showed that 
the addition of methionine to diets containing 0.48% cystine 
resulted in a linear increase in growth. When cystine 
Figure 4. Effect of methionine and cystine supplementation to diets contain­
ing blood and feather meals on weight gains of broiler chicks, 
experiment 2 
Weight gain g/chick 
66 
Figure 5. Effect of methionine and cystine supplementation to diets contain­
ing blood and feather meals on feed efficiency ratios of broiler 
chicks, experiment 2 
Kg feed/Kg gain 
TOT 
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concentration in the diet was increased to 0.58 or 0.68%, 
growth was greatly increased. This trend occurred until 
dietary methionine concentrations reached 0.4%. With each 
subsequent increment of methionine, rate of gain declined. 
The results show that methionine was the first limiting 
amino acid in the blood-feather meal diets tested in this 
experiment. The data also indicate that supplemental 
cystine had a detrimental effect on chick growth after 
methionine and TSAA requirements were fulfilled. This 
influence of cystine may have been related to unfavorable 
methionine : cystine ratios in the diets (Scares, 1974). 
Amino acid analysis (Figure 6) showed that methionine 
and cystine levels in the plasma increased when cystine was 
added to the basal diet (diets 2 and 3). The elevated 
levels of methionine and cystine in the plasma reflected 
the imbalance created by the addition of cystine when 
methionine was the first limiting amino acid. 
Supplementation of the basal diet with 0.1, 0.2, 0.3 
or 0.4% methionine (diets 4, 7, 10 and 13, respectively) 
resulted in a linear increase in the methionine concentra­
tion in the plasma (1.9, 3.0, 3.7, 4.0 and 4.1 mg/100 ml, 
respectively). Cystine levels in the plasma decreased with 
methionine supplementation up to 0.2% and then increased 
with higher levels of supplemental methionine. 
Figure 6. Plasma methionine and cystine concentrations as affected by the 
supplementation of methionine and cystine to diets containing 
blood and feather meals, experiment 2 
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Increasing supplemental cystine from 0.1 to 0.2% in 
the diet containing 0.3% methionine (diets 5 and 6) increased 
the cystine level in the plasma from 2.8 to 3.3 mg/100 ml 
but did not change methionine levels. Similar responses 
were observed in plasma of chicks fed diets 8 and 9, which 
contained 0.2% added methionine. Increasing supplemental 
cystine from 0.1 to 0.2%, however, slightly increased the 
cystine level in the plasma from 2.9 to 3.0 in diets 8 and 
9, respectively. 
Supplementation of cystine in diets containing 
methionine in concentrations above the requirement resulted 
in increased cystine levels in the plasma (3.1 to 3-5 rag/ 
100 ml for diets 11 and 12, respectively). Increasing 
supplemental methionine to 0.4%, however, resulted in no 
further increase in the circulating levels of methionine 
in the plasma, whereas plasma cystine increased from 2.6 
to 3.6 mg/100 ml when dietary level of cystine in the diet 
containing 0.6% methionine was increased from 0.58 to 0.68% 
(diets 14 and 15, respectively). 
Overall, the weight gain data obtained from the two 
experiments reported herein illustrate the complexity that 
seems to exist in the dietary methionine, cystine and TSAA 
interrelationships. For example, maximum weight gain of 
chicks fed a diet containing 0.48% cystine in experiment 1 
was observed when supplemental methionine was used to attain 
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a dietary TSAA level of 0.98% and a methionine:cystine 
ratio of 51:49. Additional increments of methionine and 
TSAA had no effect on performance. In experiment 2, levels 
of methionine up to 0.4% and dietary TSAA up to 1-08% 
improved growth of chicks fed 0.48% cystine diets. The 
methionine :cystine ratio that resulted in maximum growth 
for the diet series of experiment 2 was 56:44. Other var­
iations in growth responses also were observed. In exper­
iment 2, maximum gains were obtained when the diet contain­
ing 0-58% cystine was supplemented with 0.2% methionine 
to achieve a TSAA concentration of 0.9 8% and a methionine 
to cystine ratio of 41:59. In contrast, chick growth was 
decreased by supplementation of 0.58% cystine diets of 
experiment 1 with methionine to obtain a TSAA level of 
0.98% or higher and methionine:cystine ratios varying from 
41:59 to 55:45. 
The primary differences between diets used in experi­
ment 1 and 2 were the grain source (corn in experiment 1 
and milo in experiment 2) and the methionine concentration 
in the basal diets (0.3% for experiment 1 and 0.2% for 
experiment 2). It seems unlikely that the difference in 
basal methionine concentration would change the response 
to supplementation with this amino acid and no information 
is available, to the author's knowledge, describing dif­
ferences in availability of sulfur amino acid from corn 
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and milo. 
Discrepancies exist among findings of other researchers 
with respect to dietary TSAA and methionine : cystine ratios 
that maximize chick growth. Graber et a2. (1971a) reported 
that 0.6% TSAA and a methionine:cystine ratio of 44:55 in 
a crystalline amino acid diet was satisfactory for chick 
growth. When feed efficiency was the criterion, however, 
a methionine : cystine ratio of 30:70 was optimum. Scares 
(1974) found that 0.9% TSAA, with a methionine:cystine 
ratio of 50:50, in a crystalline amino acid diet supported 
maximum chick growth. Sasse and Baker (1974) reported that 
different methionine:cystine ratios were needed with dif­
ferent dietary TSAA concentrations. When the TSAA level 
was 0.6%, a methionine:cystine ratio of 50:50 gave maximum 
growth of chicks. But a ratio of 62.5:37.5 was optimum 
when the TSAA level was 0.4%. In view of these variable 
results, and the potential differences in availability of 
sulfur amino acids from natural proteins, it is difficult 
to explain the observations made in the current research. 
An overview of the data reported here and in the literature 
further attests to the uncertainty that exists about the 
dietary interrelationship between methionine and cystine. 
Also, the data reported here reaffirm the recommendation 
of NRC (1977) that approximately 0.9 to 1.0% dietary TSAA 
is required by broiler chicks from hatch to 4 weeks of age. 
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An "optimum" ratio between methionine and cystine within 
this dietary TSAA concentration, however, is not apparent 
from the data. 
General response patterns in plasma amino acid con­
centrations were observed as a result of methionine and/or 
cystine supplementation of blood-feather meal diets-
Plasma methionine concentration was relatively low in 
chicks fed the diets deficient in this amino acid. Supple­
mentation of these diets with increments of methionine 
resulted in a progressive increase in plasma methionine. 
Concurrent inclusion of cystine did not change these 
responses noticeably. 
There was no evidence of a cystine-methionine antagonism 
with respect to plasma methionine-cystine concentrations. 
Lerner and Taylor (1967) reported that cystine acted as 
a competitive inhibitor of methionine absorption from the 
small intestine- Also, Featherstone and Rogler (1978) con­
cluded that dietary cystine seemed to interfere with the 
utilization of dietary methionine when the latter amino 
acid was deficient. If these types of antagonisms occurred 
during the research reported here, it was not reflected by 
the plasma amino acid levels. 
Although plasma methionine and cystine responded posi­
tively to dietary supplementation with methionine and 
cystine, respectively, no consistent relationship was 
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detected between changes in plasma amino acids and chick 
performance. In instances in which a deficiency of dietary 
methionine was alleviated, both plasma methionine concen­
tration and chick performance were increased. There were 
instances, however, in which supplementation of blood-
feather meal diets with methionine or cystine had adverse 
effects on growth of chicks, but these effects were not 
accompanied by noticeable changes in plasma methionine or 
cystine levels. This indicates that, although plasma 
amino acid levels may be indicative of nutritional status 
of growing chicks in certain situations (Zimmerman and 
Scott, 1965; Rosenberg et al., 1967), they should not he 
used as general criteria for optimum dietary amino acid 
balance. 
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CONCLUSIONS 
1. Practical-type diets containing 9% blood meal and 6% 
feather meal supported rapid and efficient rates of gain 
of broiler chicks when the diets were supplemented with 
0.2% methionine to attain a dietary TSAA level of 0.98%. 
2. Cystine supplementation at 0.1 or 0.2% of blood-feather 
meal diets was necessary for maximum chick growth in 
the presence of 0.3 to 0.4% dietary methionine. 
3. Results reaffirm the NRC (19 77) recommendation that 
approximately 0.9 to 1.0% dietary TSAA is required by 
broiler chicks from hatch to 4 weeks of age. 
4. An "optimum" ratio between methionine and cystine 
within this dietary TSAA concentration range was not 
clearly established. 
5. There was no evidence of a cystine methionine antagonism 
with respect to plasma methionine and cystine concentra­
tions . 
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SUMMARY 
Amino acid supplementation of practical-type rations 
containing relatively high levels of blood and feather meals 
and its effect on broiler chicks' performance were investi­
gated. In experiment 1, four diets were tested: a corn-
soybean meal diet and diets containing 10% ring-dried blood 
meal, 6% hydrolyzed feather meal and a combination of the 
two. Diets were supplemented with the deficient amino acids 
to meet the NRC (1977) requirements. Results showed no 
significant differences among the four diet treatments with 
respect to weight gain or feed efficiency of chicks from 1 
to 4 weeks of age. In experiment 2, further assessment of 
amino acid supplementation to blood-feather meal diets was 
done. Methionine was added to the basal diet at 0 or 0.21%, 
lysine at 0 or 0.2% and isoleucine at 0 or 0.33% in a 2x2x2 
factorial arrangement. Supplementation of the basal diet 
with the above amino acids resulted in dietary levels of 
methionine, lysine and isoleucine of 0.5, 1.5 and 1.0%, 
respectively. Growth and feed efficiency of chicks fed the 
blood-feather meal basal diet were improved by the addition 
of 0.21% methionine or 0.33% isoleucine. These parameters 
reached maximums when both methionine and isoleucine were 
added. Lysine supplementation at 0.2% had no significant 
effect on weight gain or feed efficiency. Experiment 3 was 
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conducted to test higher levels of supplemental methionine 
and isoleucine in blood-feather meal diets. Methionine and 
isoleucine were added to the basal diet at 0, 0.2 and 0.4% 
in a 3x3 factorial arrangement. The addition of 0.2% 
methionine improved weight gain and feed efficiency, but 
0.4% supplemental methionine resulted in no further improve­
ment- Supplementation with 0.2% isoleucine improved weight 
gain and feed efficiency, but 0.4% isoleucine reduced weight 
gain and feed efficiency. Leucine in the plasma of chicks 
fed the blood-feather meal diets was very high, reflecting 
the excessive dietary level of this amino acid (2.4 to 2.5%). 
Addition of methionine (the first limiting amino acid) and 
isoleucine (the second limiting amino acid) reduced plasma 
leucine levels. 
Two additional experiments were conducted to test the 
effect of sulfur amino acid supplementation to blood-feather 
meal diets. In the first experiment methionine and cystine 
were added to the basal diet (0.3% methionine and 0.48% 
cystine) at 0, 0.1, 0.2, 0.3 and 0.4% and 0 and 0.1%, 
respectively, in a 2x5 factorial arrangement. A corn-soy 
based diet was used as a positive control diet. In a second 
experiment 0, 0.1, 0.2, 0.3 and 0.4% supplemental methionine 
and 0, 0.1 and 0.2% supplemental cystine were added to a 
milo, blood-feather meal basal diet (0.2% methionine and 
0.48% cystine) in a 3x5 factorial arrangement. In the 
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first experiment, 0.2% added methionine or 0.1% added cystine 
improved weight gain and feed efficiency of chicks fed the 
blood-feather meal diet. Additional increments of methionine 
to the diets containing 0.58 or 0.68% cystine reduced weight 
gain and feed efficiency. In the second experiment, weight 
gain increased linearly with increasing level of methionine. 
Maximum weight gain and feed efficiency, however, were 
observed when 0.1 or 0.2% supplemental cystine were added 
with 0.4% methionine, and then declined with higher levels 
of methionine supplementation. Plasma methionine-cystine 
concentrations in both experiments showed no evidence of 
a cystine-methionine antagonism. 
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